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TAT-SF: COFACTOR FOR STIMULATION OF 
TU ANSCRIPT IONAL ELONGATION BY HIV-1 TAT 



5 Governmen t Support 

This work was funded in part by the National Institutes of Health under the Grant Nos. 
GM34277 and AI32486, and the National Cancer Institute under Center core Grant No. 
CA1405 1 . The Government may retain certain rights in this invention. 

10 Background of the Invention 

Intricate mechanisms regulate mRNA synthesis by control of initiation or elongation of 
transcription. An understanding of these mechanisms and the factors controlling these 
mechanisms would be important in designing therapeutic modalities for treating a variety of 
important medical conditions, including cancer and infection. For example, HIV-1 
1 5 transcriptional elongation by Tat is essential for viral replication. Interruption of transcriptional 
elongation by Tat, therefore, would be highly desirable as a means for treating HIV-infected 
individuals. 

Tat activation of HIV-1 transcription is mechanistically different from conventional 
activation of transcription by DNA sequence-specific transcription factors. First, most 

20 conventional activators affect transcription primarily through increasing the rate of initiation, 
although recent studies indicate that some prototype DNA sequence-specific transcription factors 
such as GAL4-VP16 can stimulate both initiation and elongation. In contrast, Tat predominantly 
stimulates the efficiency of elongation. Secondly, while most conventional activators interact 
with promoter or enhancer DNA, Tat interacts with the /rans-acting responsive (TAR) RNA 

25 element. TAR is located at the 5* end of the nascent viral transcript and forms a stem-loop 

structure. The specific binding of Tat to TAR depends primarily upon the integrity of the bulge 
loop and immediately flanking sequences in the double-stranded RNA. Sequences in the apical 
loop of TAR arc also important for Tat activation of transcription in vivo. 

Control of transcriptional elongation thus has been recognized as an important step in 

30 gene regulation, but mechanisms regulating the efficiency of elongation, mediated by RNA 
polymerase II, have not been extensively studied. The necessity for strict control of elongation 
for proper gene regulation is further highlighted by the recent finding that an elongation factor, 
Elongin, is probably the functional target of the von Hippcl-Lindau tumor suppressor protein. 
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Summary of the Invention 

The invention involves in one respect the identification, purification, and isolation of 
proteins, Tat-Stimulatory Factor protein, which are specifically required for Tat //wry-activation. 
The invention also involves nucleic acid molecules encoding those proteins. The invention 
5 further involves the discovery and identification of kinases that bind the Tat-Stimulatory Factor 
proteins, which binding is believed important for TAT transcriptional elongation. The 
expression and biological activity of the proteins arc necessary for transcriptional elongation, and 
alteration of the expression or biological activity of these proteins can be used to influence 
transcriptional activity, and thereby affect critical cellular processes. 

10 The preferred nucleic acids of the invention are homologues and alleles of the coding 

region of the nucleic acid of SEQ ID NO: I . The invention further embraces functional 
equivalents, variants, analogues and fragments of the foregoing nucleic acids and also embraces 
proteins and peptides coded for by any of the foregoing. 

According to one particular aspect of the invention, an isolated nucleic acid molecule is 

1 5 provided. The molecule hybridizes under stringent conditions to a molecule consisting of the 
coding region of the nucleic acid sequence of SEQ ID NO: I and it codes for a Tat-Stimulatory 
Factor protein. The invention further embraces nucleic acid molecules that differ from the 
foregoing isolated nucleic acid molecules in codon sequence due to the degeneracy of the genetic 
code. The invention also embraces complements of the foregoing nucleic acids. Preferred 

20 isolated nucleic acid molecules are those comprising the human cDN As or genes corresponding 
to SEQ ID NO:l . Unique fragments of the foregoing molecules arc specifically contemplated by 
the inventors. 

The invention in another aspect involves expression vectors, and host cells transformed or 
transfected with such expression vectors, comprising the nucleic acid molecules described above. 

25 In one embodiment of the invention, the host cell is a hematopoietic T-cell precursor, such as a 
stem cell, and the nucleic acid is an antisensc nucleic acid or a nucleic acid encoding a dominant 
negative mutant of the Tat-Stimulating Factor protein. 

According to another aspect of the invention, an isolated nucleic acid molecule is 
provided which comprises a unique fragment of SEQ ID NO: I . In one embodiment the unique 

30 fragment is a portion of the segment of SEQ ID NO: I consisting of SEQ ID NO:3. In another 
embodiment it is a portion of the segment of SEQ ID NO: 1 beginning at nucleotide number 53 
and ending at nucleotide number 2703, wherein the fragment is between 12 and 2650 nucleotides 
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in length, and complements thereof. In one embodiment, the unique fragment is at least 150 and, 
more preferably, at least 200 nucleotides in length. In another embodiment, the unique fragment 
is between 12 and 32 contiguous nucleotides in length. In all embodiments the unique fragment 
includes consecutive nucleotides of SEQ ID NO: l other than the nucleotides of SEQ ID NO:l 
5 which code for SEQ ID NO:3. 

According to another aspect of the invention, isolated polypeptides coded for by the 
isolated nucleic acid molecules described above also are provided as well as functional 
equivalents, variants, analogs and fragments thereof. In one embodiment, the polypeptide is a 
human Tat-Stimulatory Factor protein or a functionally active fragment or variant thereof. In 
10 another embodiment the polypeptide is a dominant negative mutant of a Tat-Stimulatoiy Factor 
protein. 

The invention in another aspect involves a method for influencing transcription in a cell. 
An agent that selectively binds to an isolated nucleic acid molecule as described above or an 
expression product thereof is introduced within a cell, in an amount effective to alter 
15 transcription in the cell. Preferred agents are modified antisense nucleic acids and polypeptides. 
In one embodiment, transcriptional elongation activity altered, and in one particularly important 
embodiment, HIV-1 transcriptional elongation by Tat is altered. In this embodiment, the 
transcriptional elongation activity can be altered to treat an individual who is infected by HIV. 

The invention in another aspect involves a method for isplating a kinase. A solution 
20 suspected of containing the kinase is contacted with a Tat-Stimulatory Factor protein or 

functional fragment thereof, and a material that binds to the Tat-Stimulatory Factor protein and 
that has kinase activity is identified and isolated. 

The invention in a related aspect involves isolated kinases that arc the binding partners of 
Tat-Stimulatory Factor proteins, and nucleic acids which encode such kinases, as well as 
25 functional fragments, variants and analogs of the foregoing. 

The invention also provides isolated polypeptides which selectively bind a Tat- 
Stimulatory Factor protein, a kinase binding partner of a Tat-Stimulatory Factor protein or 
fragments thereof. Isolated binding polypeptides include antibodies and fragments of antibodies 
(e.g. Fab, F(ab) 3 , Fd and antibody fragments which include a CDR3 region which binds 
30 selectively to a Tat-Stimulatory Factor protein or fragment thereof ). 

The invention also contemplates gene therapy for HIV-infected individuals, wherein stem 
cells of a donor are genetically engineered to include an agent that selectively binds to a nucleic 
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acid molecule encoding a Tat- Stimulatory Factor protein or an expression product thereof, 
whereby said recombinant stem cells are resistant to intracellular HIV replication. 

The invention involves methods of screening for compounds which bind to Tat-SFl, Tat- 
SF1 associated kinase, or a complex of Tat-SFl and its associated kinase. The invention also 

5 involves methods for screening for compounds which modulate Tat-SFl - dependent 

transcriptional activation. Compounds identified by the methods of the invention arc useful for 
detecting the presence of and/or modulating the activity of Tat-SFl, Tat-SFl associated kinase, 
or a complex of Tat-SFl and its associated kinase. 

According to one aspect of the invention, a method of screening for a compound which 

10 binds to Tat-SFl is provided. Tat-SFl is contacted with the compound and the binding of the 
compound to Tat-SFl is determined. The compound can be detectably labeled. In this preferred 
embodiment, determining the binding involves detecting the labeled compound bound to Tat- 
SF1. In another embodiment, determination of the binding of the compound to Tat-SFl includes 
detecting a change in the biological activity of Tat-SFl. Preferably, Tat-SFl biological activity 

1 5 is assayed by a Tat-SF 1 mediated transcription assay, a Tat-SF 1 immunoassay and/or a Tat-SF 1 - 
TAR binding assay in the presence and absence of the compound. In certain of the foregoing 
embodiments, the compound being screened which binds to Tat-SFl is an oligonucleotide. 

According to another aspect of the invention, a method for screening compounds which 
bind to Tat-SFl associated kinase is provided. The Tat-SFl associated kinase is contacted with 

20 the compound and the binding of the compound to the Tat-SF 1 associated kinase is determined. 
In one embodiment, the compound is detectably labeled, and determining binding involves 
detecting the labeled compound bound to Tat-SFl . In another embodiment, determining the 
binding of the compound to the Tat-SFl associated kinase involves detecting a change in the 
biological activity of the Tat-SFl associated kinase. Preferably, the change in the biological 

25 activity of the Tat-SFl associated kinase is determined by a Tat-SFl mediated transcription 
assay, a Tat-SFl associated kinase immunoassay, or a Tat-SFl associated kinase substrate 
phosphorylation assay. In certain of the foregoing embodiments, the compound being screened 
which binds to the Tat-SFl associated kinase is an oligonucleotide. 

According to still another aspect of the invention, a method for screening a compound 

30 which binds to a complex of Tat-SFl and Tat-SFl associated kinase is provided. A complex of 
Tat-SFl and Tat-SFl associated kinase is contacted with the compound and the binding of the 
compound to the complex is determined. The compound can be detectably labeled, and 
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determining binding involves detecting the labeled compound bound to Tat-SFl . In another 
embodiment, determining the binding involves detecting a change in the biological activity of the 
complex of Tat-SFI and Tat-SFl associated kinase. Preferably, a change in the biological 
activity of the complex is determined by a Tat-SFl mediated transcription assay, an 

5 immunoassay of the complex of Tat-SFl and Tat-SFl associated kinase, a Tat-SFl associated 
kinase substrate phosphorylation assay, or a Tat-SFl -TAR binding assay. In certain of the 
foregoing embodiments, the compound being screened which binds to the complex of Tat-SFl 
and Tat-SFl associated kinase is an oligonucleotide. 

According to still another aspect of the invention, a method for screening compounds 

10 which modulate Tat-SFl dependent transcriptional activation is provided. A mammalian cell 
which includes a gene encoding a Tat-SFl polypeptide is provided and contacted with the 
compound. Tat-SFl mediated transcriptional activation is determined as a measure of the 
modulation in Tat-SFl mediated transcription caused by contact with the compound. Preferably, 
the mammalian cell also includes a gene encoding a TAT polypeptide. More preferably, the 

1 5 mammalian cell also includes an indicator gene encoding an indicator gene product operably 
linked to a TAR element. Still more preferably, the mammalian cell includes a gene encoding a 
Tat-SFl associated kinase polypeptide. In certain embodiments, any one or more of or all of the 
Tat-SFl polypeptide, the TAT polypeptide, the indicator gene product and/or the Tat-SFl 
associated kinase polypeptide are encoded by transfected expression vectors. 

20 In certain embodiments, the indicator gene encodes bcla-galactosidase. alkaline 

phosphatase, chloramphenicol acetyl transferase, luciferase, or green fluorescent protein. 

In certain preferred embodiments, the TAR clement operably linked to the indicator gene 
is an HIV-1 LTR TAR element. 

These and other objects and features of the invention are described in greater detail 

25 below. 

Brief Description of t he Figures 

Fig. 1 shows the identification of Tat-SF activity in cellular extracts. A. Tat activation of 
HIV transcriptional elongation requires a cellular activity, Tat-SF. B. Detection of the 
30 phosphorylated ppl40 on an immobilized HIV-1 TAR RNA. C. The cysteinc-rich activation 
domain of Tat is required for pp!40 phosphorylation on TAR. 
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Fig. 2 shows that Tat-SF transcriptional activity and ppl40 co-peaked during glycerol 
gradient sedimentation. A. Detection by transcription reaction. B. Detection by kinase assay. 

Fig 3 depicts purification of pp!40 and Tat-SF transcriptional activity by Tat affinity 
columns. A. Eluates of the columns were tested for transcription activity. B. The same cluates 
5 were tested for the presence of ppl40 in a kinase assay. C. A silver-stained SDS gel of the above 
two fractions is shown. 

Fig. 4 shows that the presence* of pp!40 is required for Tat-SF activity. A. pp!40 and a 
cellular kinase form a complex independently of Tat. B. Immunodepletion of ppl40 from a 
partially purified Tat-SF fraction inactivated Tat-SF transcriptional activity. C. Anti-ppl40 
10 antibody efficiently removed ppl40 from the Tat-SF fraction. 

Fig. 5. A. Amino acid sequence and domain structure of Tat-SF 1. B. Similarity between 
Tat-SF 1 and human EWS. 

Fig. 6 shows that overexpression of Tat-SFl enhances Tat activation in HeLa cells. 

15 Brief Description of Sequences 

SEQ ID NO:l is a nucleic acid including the coding region of Tat-Stimulatory Factor. 
SEQ ID NO:2 is the translated amino acid sequence of the coding region of SEQ ID 

NO.l. 

SEQ ID NO: 3 is an expressed sequence tag, an amino acid sequence encoded by a portion 
20 of SEQ ID NO:l. 

SEQ ID NO:4 is a portion of the amino acid sequence of EWS, which shows some 
homology with the amino acid of SEQ ID NO:2. 

SEQ ID NO:5 is a portion of the nucleic acid of SEQ ID NO: 1 . 

25 Detailed Description of the Invention 

Using a reconstituted reaction that supports a TAR-dcpendent and Tat-spccific activation 
of elongation, we have identified, purified, and isolated a cDNA for a novel cellular activity. Tat- 
Stimulatory Factor, that is specifically required for Tat /ram-activation. This factor is a substrate 
of an associated cellular kinase. Co-transfection with the cDNA for Tat-Stimulatory Factor 
30 specifically stimulates Tat activation of HIV transcription. Sequence analysis indicates that Tat- 
Stimulatory Factor is related to EWS and FUS/TLS, which arc members of a novel family of 
putative transcription factors with RNA recognition motifs and are frequently associated with 
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many types of sarcomas. It is believed that Tat activates the processivity of elongation by 
recruitment of a pre-formed complex containing Tat-Stimulatory Factor and a kinase to the HIV- 
1 promoter through a Tat-TAR interaction. 

The mRNA transcript is about 3.0 kb in length, with an open reading frame of 2271 bp. 

5 The open reading frame encodes protein of 754 amino acids with a calculated molecular weight 
of 85,767 Daltons. Sequence analysis of the protein reveals that it has several unique features. 
The protein can be roughly divided at position 420 into two halves. Tfie COOH-terminal half is 
extremely rich in acidic amino acids, with 48% of the last 245 amino acid residues as glutamate 
or aspartate. The COOH-terminal half also contained many serine residues that are contained in 

10 a short peptide sequence matching consensus sites for phosphorylation by Casein Kinase II. 

Such phosphorylation would contribute more negative charges to this region. The NH 2 terminal 
half of Tat-Stimulatory Factor contains two tandem RNA recognition motifs, which have 
homology to many RNA-binding proteins. Further details about the protein are described in 
greater detail in the examples below. 

15 It was determined that overexpression of Tat-Stimulatory Factor enhances Tat activation 

in vivo. Immunodepletion of the Tat-Stimulatory Factor from a partially purified fraction 
containing Tat-Stimulatory Factor transcriptional activity eliminates its ability to support Tat 
rraw^-activation. Thus, it is believed that Tat-Stimulatory Factor is required for Tat /ram- 
activation. 

20 The invention thus involves in one aspect Tat-Stimulatory Factor proteins, genes 

encoding those proteins, functional modifications and variants of the foregoing, useful fragments 
of the foregoing, as well as therapeutics relating thereto. 

Homologs and alleles of the Tat-Stimulatory Factor nucleic acids of the invention can be 
identified by conventional techniques. Thus, an aspect of the invention is those nucleic acid 

25 sequences which code for Tat-Stimulatory Factor proteins and which hybridize to a nucleic acid 
molecule consisting of the coding region of SEQ ID NO: 1 , under stringent conditions. The term 
"stringent conditions" as used herein refers to parameters with which the art is familiar. Nucleic 
acid hybridization parameters may be found in references which compile such methods, e.g. 
Molecular Cloning: A Laboratory Manual, J. Sambrook. et al., cds.. Second Edition. Cold 

30 Spring Harbor Laboratory Press, Cold Spring Harbor. New York, 1989, or Current Protocols in 
Molecular Biology, F.M. Ausubcl, et al., eds„ John Wiley & Sons, Inc., New York. More 
specifically, stringent condition, as used herein, refers to hybridization at 65 °C in hybridization 
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buffer (3.5 x SSC, 0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.02% Bovine Serum Albumin, 
2.5mM NaH 2 P0 4 (pH7), 0.5% SDS, 2mM EDTA). SSC is 0.1 5M sodium chloride/0. 15M 
sodium citrate, pH7; SDS is sodium dodecyl sulphate; and EDTA is ethylenediaminetetracetic 
acid. After hybridization, the membrane upon which the DNA is transferred is washed at 2 x 

5 SSC at room temperature and then at 0. 1 x SSC/0. 1 x SDS at 65°C. 

There are other conditions, reagents, and so forth which can used, which result in a 
similar degree of stringency. The skilled artisan will be familiar with such conditions, and thus 
they arc not given here. It will be understood, however, that the skilled artisan will be able to 
manipulate the conditions in a manner to permit the clear identification of homologs and alleles 

10 of Tat-Stimulatory Factor nucleic acids of the invention. The skilled artisan also is familiar with 
the methodology for screening cells and libraries for expression of such molecules which then 
are routinely isolated, followed by isolation of the pertinent nucleic acid molecule and 
sequencing. 

In general homologs and alleles typically will share at least 40% nucleotide identity 
1 5 and/or at least 50% amino acid identity to the coding region of SEQ ID NOs: I or 2 (Figure 5), 
respectively, in some instances will share at least 50% nucleotide identity and/or at least 65% 
amino acid identity and in still other instances will share at least 60% nucleotide identity and/or 
at least 75% amino acid identity. Watson-Crick complements of the forgoing nucleic acids also 
are embraced by the invention. 
20 In screening for Tat-Stimulatory Factor proteins, a Southern blot may be performed using 

the foregoing conditions, together with a radioactive probe. After washing the membrane to 
which the DNA is finally transferred, the membrane can be placed against x-ray film to detect 
the radioactive signal. 

The invention also includes degenerate nucleic acids which include alternative codons to 
25 those present in the native materials. For example, serine residues are encoded by the codons 
TCA. AGT, TCC, TCG, TCT and AGC. Each of the six codons is equivalent for the purposes of 
encoding a serine residue. Thus, it will be apparent to one of ordinary skill in the art that any of 
the scrinc-cncoding nucleotide triplets may be employed to direct the protein synthesis apparatus, 
in vitro or in vivo, to incorporate a serine residue. Similarly, nucleotide sequence triplets which 
30 encode other amino acid residues include, but are not limited to,: CCA, CCC, CCG and CCT 
(proline codons); CGA, CGC, CGG, CGT, AGA and AGG (arginine codons); ACA, ACC, ACG 
and ACT (threonine codons); AAC and AAT (asparagine codons); and ATA, ATC and ATT 



03/27/2003, EAST Version: 1.03.0002 



WO W/00695 PCT/USJ7/1 1713 

- 9 - 

(isoleucine codons). Other amino acid residues may be encoded similarly by multiple nucleotide 
sequences. Thus, the invention embraces degenerate nucleic acids that differ from the 
biologically isolated nucleic acids in codon sequence due to the degeneracy of the genetic code. 
The invention also provides isolated unique fragments of SEQ ID NO: 1 or compliments 
5 of SEQ ID NO: 1 . A unique fragment is one that is a 'signature' for the larger nucleic acid. It, 
for example, is long enough to assure that its precise sequence is not found in molecules outside 
of the Tat-Stimulatory Factor proteins defined above. Unique fragments can be used as probes in 
Southern blot assays to identify such proteins, or can be used in amplification assays such as 
those employing PCR. As known to those skilled in the art, large probes such as 200 BP or more 

10 arc preferred for certain uses such as Southern blots, while smaller fragments will be preferred 
for uses such as PCR. Unique fragments also can be used to produce fusion proteins for 
generating antibodies as demonstrated in the Examples, or for generating immunoassay 
components. Likewise, unique fragments can be employed to produce nonfused fragments of the 
Tat-Stimulatory Factor proteins, useful, for example, in immunoassays or as a competitive 

1 5 binding partner of the kinase which binds to the Tat-Stimulatory Factor proteins, for example, in 
therapeutic applications. Unique fragments further can be used as antisense molecules to inhibit 
the expression of Tat-Stimulatory Factor proteins, particularly for therapeutic purposes as 
described in greater detail below. 

As will be recognized by those skilled in the art, the size of the unique fragment will 

20 depend upon its conservancy in the genetic code. Thus, some regions of SEQ ID NO: 1 and its 
complement will require longer segments to be unique while others will require only short 
segments, typically between 12and 32 BP(e.g. 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22,23,24, 
25, 26, 27, 28, 29, 30, 3 1 and 32 bases long). Virtually any segment of the region of SEQ ID 
NO: I beginning at nucleotide 53 and ending at nucleotide 2703, or its complement, that is 18 or 

25 more nucleotides in length will be unique except that the unique fragments herein include 
consecutive nucleotides of SEQ ID NO: 1 other than those nucleotides which code for SEQ ID 
NO:3. Those skilled in the art arc well versed in methods for selecting such sequences, typically 
on ihe basis of the ability of the unique fragment to selectively distinguish the sequence of 
interest from non-Tat-Stimulatory Factor proteins. A comparison of the sequence of the 

30 fragment to those on known data bases typically is all that is necessary, although in vitro 
confirmatory hybridization and sequencing analysis may be performed. 
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The invention also provides isolated, functional unique fragments of SEQ ID NO:2. 
Such sequences are useful, for example, alone or as fusion proteins to generate antibodies, as a 
components of an immunoassay, as an inhibitor of Tat-Stimulatory Factor activity, as a binding 
partner of Tat-Stimulatory Factor binding kinases (for example, for isolating such kinases) or for 
inhibiting binding of such kinases to Tat-Stimulatory Factor proteins. Such unique fragments 
can be identified by routine assays, such as those involving testing a fragment's ability to 
generate antibodies if injected into a proper host, testing the fragment's ability to inhibit Tat- 
Stimulatory Factor activity, as described below, etc. A unique fragment of a Tat-Stimulatory 
Factor protein, in general, has the features and characteristics of unique fragments as discussed 
above in connection with nucleic acids. 

As mentioned above, the invention embraces antisense oligonucleotides that selectively 
bind to a nucleic acid molecule encoding a Tat-Stimulatory Factor protein, to decrease 
transcription activity, and in particular transcriptional elongation. This is desirable in virtually 
any medical condition wherein a reduction in transcriptional elongation is desirable, including to 
reduce HI V-l transcriptional elongation by Tat. Antisense molecules, in this manner, can be 
used to slow down or arrest the propagation of HIV in vivo. 

As used herein, the term "antisense oligonucleotide" or "antisense" describes an 
oligonucleotide that is an oligoribonucleotide, oligodeoxyribonucleotide, modified 
oligoribonucleotide, or modified oligodeoxyribonucleotide which hybridizes under physiological 
conditions to DNA comprising a particular gene or to an mRNA transcript of that gene and, 
thereby, inhibits the transcription of that gene and/or the translation of that mRNA. The 
antisense molecules arc designed so as to interfere with transcription or translation of a target 
gene upon hybridization with the target gene. Those skilled in the art will recognize that the 
exact length of the antisense oligonucleotide and its degree of complementarity with its target 
will depend upon the specific target selected, including the sequence of the target and the 
particular bases which comprise that sequence. It is preferred that the antisense oligonucleotide 
be constructed and arranged so as to bind selectively with the target under physiological 
conditions, i.e., to hybridize substantially more to the target sequence than to any other sequence 
in the target cell under physiological conditions. Based upon SEQ ID NO:l, or upon allelic or 
homologous genomic and/or cDNA sequences, one of skill in the art can easily choose and 
synthesize any of a number of appropriate antisense molecules for use in accordance with the 
present invention. In order to be sufficiently selective and potent for inhibition, such antisense 
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oligonucleotides should comprise at least 1 0 and, more preferably, at least 1 5 consecutive bases 
which are complementary to the target. Most preferably, the antisensc oligonucleotides comprise 
a complementary sequence of 20-30 bases. Although oligonucleotides may be chosen which arc 
antisense to any region of the gene or mRNA transcripts, in preferred embodiments the antisense 

5 oligonucleotides correspond to N-terminal or 5' upstream sites such as translation initiation, 
transcription initiation or promoter sites. In addition, 3'-untranslated regions may be targeted. 
Targeting to mRNA splicing sites has also been used in the art but may be less preferred if 
alternative mRNA splicing occurs. In addition, the antisense is targeted, preferably, to sites in 
which mRNA secondary structure is not expected (see, e.g., Sainio et al., Cell Mol , Ngurob i ol 

10 14(5):439-457 (1994)) and at which proteins are not expected to bind. Finally, although, SEQ ID 
NO:l discloses a cDNA sequence, one of ordinary skill in the art may easily derive the genomic 
DNA corresponding to the cDNA of SEQ ID NO: 1 . Thus, the present invention also provides 
for antisense oligonucleotides which are complementary to the genomic DNA corresponding to 
SEQ ID NO:l . Similarly, antisensc to allelic or homologous cDN As and genomic DNAs are 

1 5 enabled without undue experimentation. 

In one set of embodiments, the antisense oligonucleotides of the invention may be 
composed of ''natural" deoxyribonucleotides, ribonucleotides, or any combination thereof. That 
is, the 5' end of one native nucleotide and the 3' end of another native nucleotide may be 
covalently linked, as in natural systems, via a phosphodiestcr internucleoside linkage. These 

20 oligonucleotides may be prepared by art recognized methods which may be carried out manually 
or by an automated synthesizer. They also may be produced recombinant^ by vectors. 

In preferred embodiments, however, the antisense oligonucleotides of the invention also 
may include ' modified" oligonucleotides. That is, the oligonucleotides may be modified in a 
number of ways which do not prevent them from hybridizing to their target but which enhance 

25 their stability or targeting or which otherwise enhance their therapeutic effectiveness. 

The term "modified oligonucleotide 1 ' as used herein describes an oligonucleotide in 
which (1) at least two of its nucleotides arc covalently linked via a synthetic internucleoside 
linkage (i.e., a linkage other than a phosphodicster linkage between the 5' end of one nucleotide 
and the 3' end of another nucleotide) and/or (2) a chemical group not normally associated with 

30 nucleic acids has been covalently attached to the oligonucleotide. Preferred synthetic 
internucleoside linkages arc phosphorothioates, alkylphosphonates. phosphorodithioates, 
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phosphate esters, alkylphosphonothioates, phosphoramidates, carbamates, carbonates, phosphate 
triesters, acetamidates, and carboxymethyl esters. 

The term "modified oligonucleotide" also encompasses oligonucleotides with a 
covalently modified base and/or sugar. For example, modified oligonucleotides include 

5 oligonucleotides having backbone sugars which are covalently attached to low molecular weight 
organic groups other than a hydroxyl group at the 3' position and other than a phosphate group at 
the 5' position. Thus modified oligonucleotides may include a 2'-0-alkylated ribose group. In 
addition, modified oligonucleotides may include sugars such as arabinose instead of ribose. The 
present invention, thus, contemplates pharmaceutical preparations containing modified antisense 

10 molecules that are complementary to and hybridizablc with, under physiological conditions, 
nucleic acids encoding Tat-Stimulatory Factor proteins or kinases that bind to Tat-Stimulatory 
Factor proteins, together with pharmaceutical^ acceptable carriers. 

Antisense oligonucleotides may be administered as part of a pharmaceutical composition. 
Such a pharmaceutical composition may include the antisense oligonucleotides in combination 

15 with any standard physiologically and/or pharmaceutical^ acceptable carriers which are known 
in the art. The compositions should be sterile and contain a therapeutically effective amount of 
the antisense oligonucleotides in a unit of weight or volume suitable for administration to a 
patient. The term "pharmaceutical ly acceptable" means a non-toxic material that does not 
interfere with the effectiveness of the biological activity of the active ingredients. The term 

20 "physiologically acceptable" refers to a non-toxic material that is compatible with a biological 
system such as a cell, cell culture, tissue, or organism. The characteristics of the carrier will 
depend on the route of administration. Physiologically and pharmaceutical^ acceptable carriers 
include diluents, fillers, salts, buffers, stabilizers, solubilizcrs, and other materials which are well 
known in the art. 

25 The invention also involves expression vectors coding for Tat-Stimulatory Factor 

proteins and fragments and variants thereof and Tat Stimulatory Factor antisense, and host cells 
containing those expression vectors. Virtually any cells, prokaryotic or eukaryotic, which can be 
transformed with heterologous DNA or RN A and which can be grown or maintained in culture, 
may be used in the practice of the invention. Examples include bacterial cells such as Ei_£Qli and 

30 mammalian cells such as mouse, hamster, pig, goat, primate, etc. They may be of a wide variety 
of tissue types, including mast cells, fibroblasts, oocytes and lymphocytes, and they may be 
primary cells or cell lines. Specific examples include CHO cells and COS cells. Cell-free 
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transcription systems also may be used in lieu of cells. In gene therapy applications, human 
hematopoietic cells that arc precursors of T-cells are contemplated. 

As used herein, a "vector" may be any of a number of nucleic acids into which a desired 
sequence may be inserted by restriction and ligation for transport between different genetic 

5 environments or for expression in a host cell. Vectors are typically composed of DN A although 
RNA vectors are also available. Vectors include, but are not limited to, plasmids and phageraids, 
A cloning vector is one which is able to replicate in a host cell, and which is further characterized 
by one or more endonuclease restriction sites at which the vector may be cut in a determinable 
fashion and into which a desired DNA sequence may be ligated such that the new recombinant 

I o vector retains its ability to replicate in the host cell. In the case of plasmids, replication of the 
desired sequence may occur many times as the plasmid increases in copy number within the host 
bacterium or just a single time per host before the host reproduces by mitosis. In the case of 
phage, replication may occur actively during a lytic phase or passively during a lysogenic phase. 
An expression vector is one into which a desired DNA sequence may be inserted by restriction 

1 5 and ligation such that it is opcrably joined to regulatory sequences and may be expressed as an 
RNA transcript. Vectors may further contain one or more marker sequences suitable for use in 
the identification of cells which have or have not been transformed or transfected with the vector. 
Markers include, for example, genes encoding proteins which increase or decrease either 
resistance or sensitivity to antibiotics or other compounds, geneswhich encode enzymes whose 

20 activities are detectable by standard assays known in the art (e.g. B-galactosidase or alkaline 
phosphatase), and genes which visibly affect the phenotype of transformed or transfected cells, 
colonics or plaques. Preferred vectors arc those capable of autonomous replication and 
expression of the structural gene products present in the DNA segments to which they are 
operably joined. 

25 As used herein, a coding sequence and regulatory sequences are said to be "operably" 

joined when they arc covalcntly linked in such a way as to place the expression or transcription 
of the coding sequence under the influence or control of the regulatory sequences. If it is desired 
that the coding sequences be translated into a functional protein, two DNA sequences are said to 
be opcrably joined if induction of a promoter in the 5' regulatory sequences results in the 

30 transcription of the coding sequence and if the nature of the linkage between the two DNA 

sequences does not (1) result in the introduction of a frame-shift mutation, (2) interfere with the 
ability of the promoter region to direct the transcription of the coding sequences, or (3) interfere 
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with the ability of the corresponding RNA transcript to be translated into a protein. Thus, a 
promoter region would be operably joined to a coding sequence if the promoter region were 
capable of effecting transcription of that DNA sequence such that the resulting transcript might 
be translated into the desired protein or polypeptide. 
5 The precise nature of the regulatory sequences needed for gene expression may vary 

between species or cell types, but shall in general include, as necessary, 5' non-transcribing and 
5' non-translating sequences involved with the initiation of transcription and translation 
respectively, such as a TATA box, capping sequence, CAAT sequence, and the like. Especially, 
such 5' non-transcribing regulatory sequences will include a promoter region which includes a 
I o promoter sequence for transcriptional control of the operably joined gene. Regulatory sequences 
may also include enhancer sequences or upstream activator sequences as desired. The vectors of 
the invention may optionally include 5' leader or signal sequences, 5' or 3'. The choice and design 
of an appropriate vector is within the ability and discretion of one of ordinary skill in the art. 

Expression vectors containing all the necessary elements for expression are commercially 
15 available and known to those skilled in the art. See Sambrook et al., Molecular Cloning! A 
Laboratory Manual. Second Edition, Cold Spring Harbor Laboratory Press. 1989. Cells are 
genetically engineered by the introduction into the cells of heterologous DNA (RNA) encoding 
the Tat-Stimulatory Factor protein or fragment or variant thereof. That heterologous DNA 
(RNA) is placed under operable control of transcriptional elements to permit the expression of 
20 the heterologous DNA in the host cell. 

Examples of systems for mRNA expression in mammalian cells are those such as 
pRc/CMV (available from lnvitrogen, Carlsbad, C A) that contain a selectable marker such as a 
gene that confers G418 resistance (which facilitates the selection of stably transfected cell lines) 
and the human cytomegalovirus (CMV) enhancer-promoter sequences. Another system suitable 
25 for expression in primate or canine cell lines is the pCEP4 vector (lnvitrogen), which contains an 
Epstein Barr virus (EBV) origin of replication, facilitating the maintenance of plasmid as a 
multicopy extrachromosomal element. 

A variety of systems for expression of proteins in bacterial, yeast, or insect cells have 
been described and are commercially available. Examples of such systems include the 
30 Glutathione-S-transferase (GST) Gene Fusion system available from Pharmacia Biotech, 
Piscataway, NJ.. In this system a plasmid is constructed containing the protein sequence of 
interest (in this case, the transporter including the first extracellular domain) inserted in frame 
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downstream of the 25 kDa GST domain from S japonicum. Expression of the fusion protein can 
be induced in transfected bacterial cells and the fusion protein purified by affinity 
chromatography using Glutathione Sepharose 4B. Cleavage of the desired peptide from the GST 
sequences is achieved using a site specific protease whose recognition sequence is located 

5 immediately upstream from the cloning site. An alternative system which is desirable since it 
maintains cukaryotic-specific functions such as glycosylation is recombination into baculovirus. 
Standard protocols exist (c.f. O'Reilly et al., Baculovirus Expression Vectors: A :Laboratory 
Manual, IRL/Oxford University Press, 1992) and vectors, cells, and reagents are commercially 
available. Vaccinia virus vectors also may be employed. 

10 The invention also permits the construction of Tat-Stimulatory Factor gene 4i knock-outs" 

in cells and in animals, providing materials for studying transcription and HIV replication. 

The invention also involves polypeptides which bind to Tat-Stimulatory Factor proteins, 
complexes of Tat-Stimulatory Factor proteins and their kinase binding partners, and to the kinase 
binding partners of the Tat-Stimulatory Factor proteins. Such binding partners can be used, for 

1 5 example, in screening assays to detect the presence or absence of Tat-Stimulatory Factor proteins 
and their kinase binding partners and in purification protocols to isolate Tat-Stimulatory Factor 
proteins and their kinase binding partners. Such poly peptides also can be used to inhibit the 
native activity of the Tat-Stimulatory Factor proteins or their kinase binding partners, for 
example, by binding to such proteins, or their binding partners or both. 

20 The invention, therefore, involves antibodies or fragments of antibodies having the ability 

lo selectively bind to Tat-Stimulatory Factor proteins. Antibodies include polyclonal and 
monoclonal antibodies, prepared according to conventional methodology. 

Significantly, as is well-known in the art, only a small portion of an antibody molecule, 
the paratope, is involved in the binding of the antibody to its epitope (sec, in general, Clark, 

25 W.R. (1986) T hp ' r vpTimental Foundations of Modem Immunology Wiley & Sons, Inc., New 
York; Roitt, I. (iQQi) F^ntial Immunology . 7th Ed.. Blackwcll Scientific Publications, 
Oxford). The pFc' and Fc regions, for example, are effectors of the complement cascade but are 
not involved in antigen binding. An antibody from which the pFc' region has been enzymatically 
cleaved, or which has been produced without the pFc" region, designated an F(ab')j fragment, 

30 retains both of the antigen binding sites of an intact antibody. Similarly, an antibody from which 
the Fc region has been enzymatically cleaved, or which has been produced without the Fc region, 
designated an Fab fragment, retains one of the antigen binding sites of an intact antibody 
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molecule. Proceeding further, Fab fragments consist of a covalcntly bound antibody light chain 
and a portion of the antibody heavy chain denoted Fd. The Fd fragments are the major 
determinant of antibody specificity (a single Fd fragment may be associated with up to ten 
different light chains without altering antibody specificity) and Fd fragments retain epitope- 
5 binding ability in isolation. 

Within the antigen-binding portion of an antibody, as is well-known in the art, there are 
complementarity determining regions (CDRs), which directly interact with the epitope of the 
antigen, and framework regions (FRs), which maintain the tertiary structure of the paratope (see, 
in general, Clark, 1986; Roitt, 1991). In both the heavy chain Fd fragment and the light chain of 
10 IgG immunoglobulins, there arc four framework regions (FR1 through FR4) separated 

respectively by three complementarity determining regions (CDR1 through CDR3). The CDRs, 
and in particular the CDR3 regions, and more particularly the heavy chain CDR3. arc largely 
responsible for antibody specificity. 

It is now well-established in the art that the non-CDR regions of a mammalian antibody 
15 may be replaced with similar regions of conspecific or heterospecific antibodies while retaining 
the cpitopic specificity of the original antibody. This is most clearly manifested in the 
development and use of "humanized" antibodies in which non-human CDRs are covalently 
joined to human FR and/or Fc/pFc* regions to produce a functional antibody. Thus, for example, 
PCT International Publication Number WO 92/04381 teaches the production and use of 
20 humanized murine RSV antibodies in which at least a portion of the murine FR regions have 
been replaced by FR regions of human origin. Such antibodies, including fragments of intact 
antibodies with antigen-binding ability, are often referred to as "chimeric" antibodies. 

Thus, as will be apparent to one of ordinary skill in the art, the present invention also 
provides for F(ab') 3 , Fab, Fv and Fd fragments; chimeric antibodies in which the Fc and/or FR 
25 and/or CDRl and/or CDR2 and/or light chain CDR3 regions have been replaced by homologous 
human or non-human sequences; chimeric F(ab') 2 fragment antibodies in which the FR and/or 
CDRl and/or CDR2 and/or light chain CDR3 regions have been replaced by homologous human 
or non-human sequences; chimeric Fab fragment antibodies in which the FR and/or CDRl and/or 
CDR2 and/or light chain CDR3 regions have been replaced by homologous human or non- 
30 human sequences; and chimeric Fd fragment antibodies in which the FR and/or CDRl and/or 
CDR2 regions have been replaced by homologous human or non-human sequences. The present 
invention also includes so-called single chain antibodies. 
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Thus, the invention involves polypeptides of numerous size and type that . 
specifically to Tat-Stimulatory Factor proteins, their kinase binding partners and comj. 
both Tat-Stimulatory Factor proteins and their kinase binding partners. These polypeptide, 
be derived also from sources other than antibody technology. For example, such polypeptide 

5 binding agents can be provided by degenerate peptide libraries which can be readily prepared in 
solution, in immobilized form or as phage display libraries. Combinatorial libraries also can be 
synthesized of peptides containing one or more amino acids. Libraries further can be synthesized 
of peptoids and non-peptide synthetic moieties. 

Phage display can be particularly effective in identifying binding peptides useful 

«o according to the invention. Briefly, one prepares a phage library (using e.g. ml3. fd, or lambda 
phage), displaying inserts from 4 to about 80 amino acid residues using conventional procedures. 
The inserts may represent, for example, a completely degenerate or biased array. One then can 
select phage-bearing inserts which bind to the Tat-Stimulatory Factor protein. This process can 
be repeated through several cycles of ^selection of phage that bind to the Tat-Stimulatory Factor 

15 protein. Repeated rounds lead to enrichment of phage bearing particular sequences. DNA 

sequence analysis can be conducted to identify the sequences of the expressed polypeptides. The 
minimal linear portion of the sequence that binds to the Tat-Stimulatory Factor protein can be 
determined. One can repeat the procedure using a biased library containing inserts containing 
part or all of the minimal linear portion plus one or more additional degenerate residues upstream 

20 or downstream thereof. Yeast 2 hybrid screening methods also may be used to identify 

polypeptides that bind to the Tat-Stimulatory Factor proteins. Thus, the Tat-Stimulatory Factor 
molecule of the invention, or a fragment thereof, can be used to screen peptide libraries, 
including phage display libraries, to identify and select peptide binding partners of the Tat- 
Stimulatory Factor proteins of the invention. Such molecules can be used, as described, for 

25 screening assays, for purification protocols, for interfering directly with the functioning of Tat 
and for other purposes that will be apparent to those of ordinary skill in the art. 

The Tat-Stimulatory Factor proteins also can be used to isolate their native binding 
partners, including the kinases that complex with the Tat-Stimulatory Factor proteins. Such 
isolation of kinases may be according to well-known methods. For example, isolated Tat- 

30 Stimulatory Factor proteins can be attached to a substrate, and then a solution suspected of 
containing the kinase may be applied to the substrate. If the kinase binding partner for Tat- 
Stimulatory Factor proteins is present in the solution, then it will bind to the substrate-bound Tat- 
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Stimulatory Factor protein. The kinase then may be isolated. The kinase also can be isolated by 
successive fractionation of a solution containing the kinase, and determining whether the kinase 
is present with each successive phase of fractionation. Kinase activity may be determined from 
in vitro kinase reaction using Tat-Stimulatory Factor as the kinase substrate. 

When used therapeutically, the compounds of the invention are administered in 
therapeutically effective amounts. In general, a therapeutically effective amount means that 
amount necessary to delay the onset of, inhibit the progression of, or halt altogether the particular 
condition being treated. Therapeutically effective amounts specifically will be those which 
desirably influence transcriptional activity. When it is desired to decrease such activity, then any 
inhibition of such activity is regarded as a therapeutically effective amount. When it is desired to 
increase such activity, then any enhancement of such activity is regarded as a therapeutically 
effective amount. Generally, a therapeutically effective amount will vary with the subject's age, 
condition, and sex, as well as the nature and extent of the disease in the subject, all of which can 
be determined by one of ordinary skill in the art. The dosage may be adjusted by the individual 
physician or veterinarian, particularly in the event of any complication. A therapeutically 
effective amount typically varies from 0.01 mg/kg to about 1000 mg/kg, preferably from about 
0.1 mg/kg to about 200 mg/kg and most preferably from about 0.2 mg//kg to about 20 mg/kg, in 
one or more dose administrations daily, for one or more days. 

The therapeutics of the invention can be administered by any conventional route, 
including injection or by gradual infusion over time. The administration may, for example, be 
oral, intravenous, intraperitoneal, intramuscular, intracavity, intrarespiratory ? subcutaneous, or 
transdermal. 

Preparations for parenteral administration include sterile aqueous or non-aqueous 
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol, 
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl 
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, 
including saline and buffered media. Parenteral vehicles include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's or fixed oils. Intravenous 
vehicles include fluid and nutrient replenishes, electrolyte replenishes (such as those based on 
Ringer's dextrose), and the like. Preservatives and other additives may also be present such as, 
for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and the like. 
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The invention also contemplates gene therapy. The procedure for performing ex vivo 
gene therapy is outlined in U.S. Patent 5,399,346 and in exhibits submitted in the file history of 
that patent, all of which are publicly available documents. In general, it involves introduction in 
vitro of a functional copy of a gene or fragment thereof into a cell(s) of a subject and returning 
the genetically engineered cell(s) to the subject. The functional copy of the gene or fragment 
thereof is under operable control of regulatory elements which permit expression of the gene in 
the genetically engineered cell(s). Numerous transfection and transduction techniques as well as 
appropriate expression vectors are well known to those of ordinary skill in the art. some of which 
are described in PCT application WO95/00654. 

As an illustrative example, primary human blood cells which are precursors of T-cells can 
be obtained from the bone marrow of a subject who is a candidate for such gene therapy. Then, 
such cells can be genetically engineered ex vivo with DN A (RN A) encoding an agent that binds 
to a Tat-Stimulatory Factor nucleic acid or expression product thereof. The genetically 
engineered cells then are returned to the patient. Such recombinant cells are expected to resist 
intracellular HIV replication. 

The invention also contemplates targeting to particular cells the nucleic acids and 
proteins of the invention, including specifically antisensc nucleic acids and agents that bind 
Tat-Stimulatory Factor proteins. Targeting may be tissue-specific, using targeting agents known 
to those of ordinary skill in the art. Methodologies for targeting include conjugates, such as 
those described in U.S. Patent 5,391,723 to Priest. Another example of a well-known targeting 
vehicle is liposomes. Liposomes are commercially available from Gibco BRL (Life 
Technologies, Inc., Gaithcrsburg, MD). Numerous methods are published for making targeted 
liposomes. A preferred cell type is a T-ccll, and, in particular, a T-cel! infected with HIV. 

According to another aspect of the invention, a method of screening for compounds 
which bind to Tat-SFl, Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SFl - 

associatcd kinase is provided. 

The methods disclosed herein are useful for identifying specific compounds or molecules 
which bind to Tat-SF 1, Tat-SFl associated kinase or a complex of Tat-SFl and Tat-SFl 
associated kinase. Such compounds can have utility as reagents for affinity purification, for 
example where the compound is immobilized and used to "capture" Tat-SFl, Tat-SFl associated 
kinase or the complex of Tat-SFl and Tat-SFl associated kinase from a biological extract such 
as a cell or tissue homogenate. Such compounds can also be used for localization of Tat-SFl, 
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Tat-SFl associated kinase or a complex of Tat-SFl associated kinase in an intact biological 
system such as a cell or a tissue. The methods disclosed herein arc also useful for preparation of 
a "library" of high probability drug candidates. Compounds can be identified as binding Tat- 
SFl, Tat-SFl associated kinase or complex of Tat-SFl associated kinase by a change in a 

5 selected biological activity, such as modulation of Tat-SFl -mediated transcriptional activity, Tat- 
SFl associated kinase phosphorylation activity and the like. High probability drug candidates 
are those compounds which cause a change in a biological activity. Such changes in activity can 
provide potential therapeutic benefits. Compounds identified by in vitro assays as potential drug 
candidates can be tested subsequently in cell- or animal-based disease models to determine more 

10 accurately the therapeutic potential of the drug candidates. 

One screening method is an in vitro binding assay of a type familiar to one of ordinary 
skill in the art. To preform such an assay, a test compound is contacted with the Tat-SFl, 
Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SFl -associated kinase and the 
binding of the compound to the Tat-SFl , Tat-SFl -associated kinase, or a complex of Tat-SFl 

1 5 and Tat-SF 1 -associated kinase is determined. The binding can be determined in a number of 
ways. For example, binding of a labeled compound can be detected by methods well known to 
those of ordinary skill in the art. Binding of a compound also can be determined by a 
competitive binding assay, such as by a reduction in binding of an antibody to the Tat-SF K 
Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SFl -associated kinase or by the 

20 inhibition of binding between Tat-SFl and Tat-SFl associated kinase. Binding of a compound 
also can be determined by a change in elcctrophoretic mobility or chromatographic clution 
profile of Tat-SFl , Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SFl -associated 
kinase relative to the profile of such a polypeptide (or complex) n^t bound by the compound. 

Preferably, the compound is an oligonucleotide. Oligonucleotides useful in the invention 

25 can be prepared according to standard methods in the art. Oligonucleotides which bind to 

Tat-SFl. Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SFl -associated kinase are 
preferably prepared by binding and screening for binding activity, followed by random or 
targeted mutation of the nucleotides which constitute the oligonucleotide in an iterative fashion. 
Commercially available libraries can be screened or, as would be more likely, can be prepared 

30 for screening. Preparation of peptide libraries are described herein. Lam (Nature 354:82-84, 
1991) also describes combinatorial methods for creating libraries of synthesized peptides on 
polystyrene beads, each bead carrying only one peptide. Similar procedures are known for 
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making libraries of oligonucleotides. Methods for the selection of several classes of molecules 
(including oligonucleotides, peptides, and RNAs) also are described in Abelson, Science 
249:488-489, 1990; Ellington ct al., Nature 346:818-822, 1990; Tuerk et al.. Science 249: 505- 
510, 1990; Irvine et al., J. Mol. Biol. 222:739-761, 1991; Bock et al., Nature 355:564-566, 1992; 
5 Ellington ela\.,Nature 355:850-852, 1992; Gallop ct al., J. Med Chem. 37:1233-1251, 1994; 
Gordon etal., J. Med. Chem. 37:1385-1401, 1994; and Gold,./. Biol. Chem. 270:13581-13584, 
1995. 

In one embodiment of the assay, the compound is detectably labeled. The binding of the 
labeled compound bound to Tat-SFl, Tat-SFl -associated kinase, or a complex of Tat-SFl and 
10 Tat-SFl-associated kinase then can be determined by any method known to one of skill in the 
art. The particular method chosen to detect the labeled compound will depend on the nature of 
the label. For instance, a radioactively labeled compound can be detected by scintillation 
counting, autoradiography, and phosphorimaging. Fluoresccntly labeled compounds can be 
detected by fluoromctry. Other detectable labels are known in the art, along with suitable 

15 detection methods. 

The compound also can be labeled with a molecule which serves as a binding point for a 
detectable label. For example, a compound can be labeled with a biotin molecule which serves 
as an binding point for a streptavidin molecule which is detectably labeled. 

Other preferred methods for determining the binding of a compound include detecting a 

20 change in a biological activity of the Tat-SF 1 , Tat-SF 1 -associated kinase, or a complex of 
Tat-SFl and Tat-SFl-associated kinase. Determinable biological activities include Tat-SFl 
mediated transcription from TAR elements, changes in protein conformation and/or protein- 
protein interaction which arc detectable in an immunoassay, e.g. by antibody binding, Tat-SFl- 
associatcd kinase substrate phosphorylation, and binding of Tat-SFl to a TAR clement. For 

25 example. Tat-SFl mediated transcription can be determined by a reconstituted transcription 
assay in which Tat-SFl is combined with transcription factors required to initiated and elongate 
transcription of a RNA containing a TAR element. The change in transcription mediated by 
Tal-SFl which is caused by binding of a compound can be readily determined by comparing the 
transcription in the presence and in the absence of the compound. Tat-SFl-associated kinase 

30 substrate phosphorylation can be determined by inclusion of radiolabeled ATP in a 
phosphorylation reaction and determined by observing the difference in the radiolabel 
incorporated into a substrate of the Tat-SF I -associated kinase. Modulation of binding of 
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Tat-SFl to a TAR element by binding of a compound to Tat-SFl, Tat-SF I -associated kinase, or 
a complex of Tat-SFl and Tat-SFl -associated kinase can be determined by a well-known assay 
such as an electrophoretic mobility shift assay (EMSA). A change in electrophoretic mobility 
observed upon contacting the compound with Tat-SFl, Tat-SFl -associated kinase, or a complex 

5 of Tat-SFl and Tat-SFl -associated kinase will reflect a change in the binding to a TAR element. 
Changes in protein conformation and/or protein-protein interaction are detectable by 
immunoassays using antibodies which* recognize a particular protein conformation or protein- 
protein interaction such as the interaction of Tat-SFl and Tat-SFl -associated kinase. A change 
in antibody binding subsequent to contacting Tat-SFl, Tat-SFl -associated kinase and/or a 

10 complex of the two with a compound is readily determined using standard immunoassay 

techniques. Immunoassays which measure disruption of antibody binding to a particular epitope 
of Tat-SFl , Tat-SFl -associated kinase and/or a complex of the two are useful for determining 
binding of a compound to that particular epitope. One of ordinary skill in the art will recognize 
that a panel of antibodies which recognize a variety of epitopes will enable determination of the 

1 5 binding site of a compound which binds to Tat-SF 1 , Tat-SF I -associated kinase and/or a complex 
of the two. Biological activities and methods of determining a change in the activities 
subsequent to binding of a compound to Tat-SFl, Tat-SFl -associated kinase, or a complex of 
Tat-SFl and Tat-SFl -associated kinase, arc described more fully in the Examples below. 

It is not intended that the foregoing represents an exhaustive listing of methods useful for 

20 determining the binding of a compound to Tat-SFl, Tat-SFl -associated kinase, or a complex of 
Tat-SFl and Tat-SFl -associated kinase. Additional detectable labels, or biological activities of 
Tat-SFl, Tat-SFl -associated kinase, or a complex of Tat-SFl and Tat-SF I -associated kinase will 
be apparent to one of ordinary skill in the art. 

According to another aspect of the invention, a method of screening for compounds 

25 which modulate Tat-SFl -mediated transcriptional activity is provided. The method involves (1) 
providing a mammalian cell containing a gene encoding a Tat-SFl polypeptide; (2) contacting 
the mammalian cell with one or more compounds, preferably under conditions to induce Tat-SFl 
mediated transcription; and (3) determining the Tat-SFl mediated transcriptional activation. 

Cell-based screening methods are provided herein for determining the Tat-SFl - mediated 

30 transcriptional activity modulating potential of compounds. These methods arc useful for 
identifying compounds which can modulate Tat-SFl -mediated transcriptional activity in the 
presence of cellular proteins and other factors involved in the transcription of genes in a cell. 
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Thus, such methods permit screening of compounds in a variety of cells which may be 
particularly relevant to a disease state. For example, to identify compounds which are useful for 
reducing Tat-SFl -mediated transcriptional activity as a means of reducing HIV-1 infection, one 
of ordinary skill in the art can select an appropriate cell within the host range of HIV-1, such as a 
T cell, to perform the screening assay in. 

The skilled artisan can readily determine the effect of a test compound on Tat-SFl - 
mediated transcriptional activation in a cell-based assay. It is known that the presence of Tat- 
SFl in a cell stimulates transcription of genes which are operably linked to a TAR sequence, in 
particular by increasing elongation of nascent transcripts. Thus detection of a change in Tat-SFl 
mediated-transcriptional activation involves detecting increased (or decreased) transcription of a 
TAR-Iinked nucleic acid. The skilled artisan can choose a nucleic acid sequence to link to a 
TAR element, operably link the TAR element to the nucleic acid using standard molecular 
biology techniques, and test for a change in transcription in nucleic acid by standard techniques, 
e.g., quantitative nucleic acid hybridization, polymerase chain reaction amplification, nuclease 
protection assay and the like. Alternatively, one of ordinary skill in the art can use a nucleic acid 
which contains a TAR element in the foregoing assay to determine the effect of a test compound 
on Tat-SFl -mediated transcriptional activity. For example, HIV-1 sequences containing a TAR 
element can be used in such an assay, such as a reporter construct containing HIV-1 LTR linked 
to the bacterial CAT gene. Preferably an indicator gene is transcribed and the amount of 
indicator gene product is determined in the presence and the absence of the compound. 

In preferred embodiments, the mammalian cell used in the assay of Tat-SFl -mediated 
transcriptional activation modulating activity also contains a gene encoding a Tat polypeptide 
and/or an indicator gene operably linked to a TAR clement and/or a gene encoding a Tat-SFl - 
associated kinase polypeptide. These genes can be included in a variety of mammalian 
expression vectors, including plasmid- or virus-based cpisornal vectors and vectors which 
integrate into the host cell chromosomes, as is known to those skilled in the art. The genes 
described above can be introduced into the mammalian cell by standard procedures, or can be 
resident in the cell, such as encoded by the cell's chromosomal nucleic acid. Standard 
procedures for introducing nucleic acids into a mammalian cell include, but arc not limited to, 
physical means such as transfection, clectroporation and bombardment with nucleic acid-coated 
microparticles, and biological means such as receptor-mediated endocytosis using targeted 
nucleic acids or nucleic acids contained in targeted liposomes and viral infection. The particular 



03/27/2003, EAST Version: 1.03.0002 



WO 98/00695 PCT/US97/11713 

- 24 - 

vectors and/or means of introducing genes may depend on the mammalian cell chosen for the 
assay. The cells and cell lines useful in such assays include HeLa cells, COS cells and the like. 

Of course, any of the foregoing genes can include only part of the gene and/or encode 
only a part of the polypeptide where the gene product to be detected is a nucleic acid, or where 
the portion of the polypeptide encoded by the gene retains the activity of the whole polypeptide 
or an epitope bound by an antibody. For example, an indicator gene need only encode a RNA 
gene product that is detectable by hybridization in an assay such as RNase protection, 
oligonucleotide hybridization, or reverse transcriptase polymerase chain reaction (RT-PCR). 
Where a polypeptide gene product is to be detected, a fragment which is sufficient to retain a 
detectable activity in an immunoassay, or a enzymatic activity assay, would be sufficient to meet 

the criteria disclosed above. 

As used herein, modulation of Tat-SFl -mediated transcriptional activation refers to the 
ability of a compound to modulate Tat transcriptional activation, mediated by Tat-SFl, from a 
TAR RNA element. Thus, a Tat-SFl -mediated transcriptional activation modulating activity 
refers to the ability of a compound to reduce or increase the ability of Tat-SFl to stimulate Tat- 
dependent transcriptional elongation of RNA molecules containing a TAR element. For 
example, compounds which have Tat-SFl -mediated transcriptional activation modulating 
activity, include compounds which disrupt the binding of Tat-SFl to a TAR element, compounds 
which disrupt the binding of Tat-SFl to a Tat-SFl -associated kinase, compounds which disrupt 
the phosphorylation of Tat-SFl by a Tat-SFl -associated kinase, compound which disrupt the 
recruitment of additional transcription factors to the RNA containing a TAR clement, and the 
like. 

Tat and Tat-SFl proteins can bind to a TAR clement in a promoter which controls the 
transcription of a:i indicator gene. The indicator gene product, whether nucleic acid or protein, 
provides a readily detectable output for screening compounds for Tat-SFl -mediated 
transcriptional activation modulating activity. An indicator gene permits high throughput 
screening of a number of compounds at one time. Depending on the choice of indicator gene, 
and its gene product, automation of the methods disclosed herein is also contemplated. 

Preferred indicator genes encode an indicator gene product which is easily detectable 
with or without disruption of the mammalian cell. Gene products such as RNA transcripts of the 
gene can be detected by hybridization assays or any other assay which detects nucleic acids of a 
specific sequence. Preferably, hybridization assays arc conducted under stringent conditions as 
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defined above. Indicator gene products which are proteins can be detected by any technique 
suitable for detection of proteins. For example, an indicator gene can encode an indicator gene 
product to which antibodies have been raised. Such antibodies which selectively bind to the 
indicator gene product can be employed in immunoassays to determine the amount of protein 

5 produced as a result of increased Tat-responsive transcription in the presence and absence of a 
compound. Antibodies useful in the detection of indicator gene products include commercially 
available antibodies such as antibodies to green fluorescent protein (Clontech, Palo Alto, CA), E. 
colt bacterial alkaline phosphatase, p-galactosidase (Boehringer Mannheim, Indianapolis, IN), 
and luciferasc (Cortex Biochemicals, San Leandro, CA). 

10 The indicator gene product can be a protein which has an enzymatic activity that can be 

assayed. Methods for determining the amount of such enzymes by colorimetric means (for 
example, conversion of X-gal into a blue product by P-galactosidase) or radioactive means (for 
example, addition of a 3 H-acetyl or ,4 C-acetyl group to a chloramphenicol molecule by 
chloramphenicol acetyl transferase) will be known to one of ordinary skill in the art. Other 

15 indicator gene products, such as green fluorescent protein, are directly detectable by colorimetric 
means. 

Preferably, the indicator gene is selected from the group consisting of the genes encoding 
the following proteins: p-galactosidase, alkaline phosphatase, chloramphenicol acetyl 
transferase, luciferase, and green fluorescent protein. However, the skilled artisan may select any 

20 indicator gene for use in accordance with the methods of the invention provided that the indicator 
gene product is detectable. 

The indicator gene is operably linked to a promoter containing at least one TAR element 
which drives expression of the indicator gene by serving as the locus for binding of Tat, Tat-SF 1 , 
associated proteins and a RNA polymerase. 

25 The nucleic acid molecules introduced into the mammalian cell may be contained on a 

plasmid or other cxtrachromosomal nucleic acid, or may be incorporated into the cell's 
chromosomes. Non-chromosomal nucleic acids include plasmids, phagemids, bacteriophage 
genomes, virus genomes, and the like. Non-chromosomal nucleic acids useful for preparation of 
expression vectors are well known in the art and thus are not described further here. 

30 

Examples 

Fxample 1 : Tat activat ion of HIV-1 transcrintion requires a specific cellular activity. Tat-SF 
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We have previously established a partially reconstituted transcription reaction that 
supports a Tat-specific and TAR-dependent activation of HIV transcription (Zhou and Sharp, 
EMBOJ. 14: 321-328, 1995; Figure 1A). This reaction requires a Tat-SF (Ial-Stimulatory 
factor) activity that is specific for Tat stimulation of elongation. It also requires a 
phosphocellulose 0.5-1 .0 M KOAc fraction of HeLa nuclear extract, termed the pc-D fraction, 
and the purified basal factors TFIID, TFIIA, and transcription factor Spl . Reactions containing 
these components, but lacking Tat-SF activity supported activation by Spl and GAL4-VP16 
(Zhou and Sharp, 1995), but not by Tat (lanes 1 and 2, Figure 1 A). The transcription reactions 
were performed as follows. Reconstituted transcription reactions containing both templates 
P HIV+TAR-G400 and pHIVTAR-GlOO were performed in the absence (-) or presence (+) of the 
0.5 M KC1 Q-Sepharose chromatographic fraction containing Tat-SF activity as described 
previously (Zhou and Sharp, 1995). The pc-D fraction and purified TF11A. TFIID. and Spl were 
present in all reactions. G-less cassettes of two different lengths were inserted into the above two 
templates at position +955 downstream of the H1V-1 initiation site to measure the effect of Tat 
on transcriptional elongation. Transcripts derived from these two templates were digested by 
RNase Tl and the resulting 400- and 100-nucleotidc G-less RNA fragments were separated in a 
denaturing polyacrylamide gel, and their positions were indicated by the arrows. In the presence 
of a partially purified Tat-SF fraction, Tat specifically increased the number of transcripts 
elongating beyond 1000 nucleotides from a HIV-1 promoter containing the wild-type TAR 
element (pHIV+TAR-G400), but not from an internal control promoter with a mutant TAR 
(pHIVTAR-GlOO, compare lanes 3 and 4). 

The pc-D fraction was shown by Western blotting to contain the basal transcription 
factors TFIIB, HE, 11F, 1111. and RNA polymerase II (Zhou and Sharp, 1995). This fraction 
probably also contains other activities important for Tat function, because it can not be 
substituted with highly purified basal transcription factors. Using the reconstituted reaction 
detailed above to follow the activity, Tat-SF was further purified by several chromatographic 
steps. HeLa nuclear extract in buffer D/0.1 M KC1 (20 mM Hepes-KOH, pH 7.9/20% (vol/vol) 
glycerol/0.1 M KCI/0.2 mM EDTA/0.5 mM dithiothrcitol/0.5 mM PMSF) was loaded on a 
phosphocellulose column preequilibrated with the same buffer. The flowthrough was loaded on 
a DEAE-Scpharose FF (Pharmacia, Piscataway, NJ) matrix column preequilibrated with buffer 
D/0.1 M KCI. After washing the column with the same buffer, Tat-SF activity was cluled from 
the column with buffer D/0.3 M KCI. This fraction was dialyzed against buffer D/0.1 M KCI 
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and applied to a Q-Sepharose FF (Pharmacia) matrix column preequilibrated with the same 
buffer. The column was washed with buffer D/0.1 M KC1 and the bound proteins were eluted 
with a 0. 1 -0.7 M KC1 gradient made in buffer D. Fractions were analyzed for Tat-SF activity in 
reconstituted transcription assays and for PP 140 in kinase reactions (as described below). The 

5 0.4-0.5 M KCl Q-Sepharose fraction containing Tat-SF activity and ppl40 was dialyzed against 
buffer D/0. 1 M KCl and applied to a Heparin Sepharosc column. After washing the column 
extensively with buffer D/0. 1 M KCl, Tat-SF/ppl 40 was eluted with increasing salt 
concentrations and was found mostly in 0.2-0.4 M KCl fractions. These fractions were • 
combined, dialyzed to 0.1 M KCl, and loaded on a Glutathione Sepharose (Pharmacia) column 

I o containing GST-Tat fusion proteins. After washing with buffer D/0.4 M KCl. Tat-SF/pp 1 40 was 
eluted from the column with buffer D containing 1 .4 M KCl. The estimated overall purification 
after these steps was -3000-fold. 

F^rn p],. 7- nation of a rnmplex co n fajp in p Tat, a cellular kinase and a ]4Q kD 

15 phnsphnprotcjn in the transcrintion reaction. 

Phosphorylation of RNA polymerase II has been implicated in regulation of the 
processivity of elongation (O'Brien et al., Nature 370:75-77. 1994: Dahmus. Biochim Diophys 
Acta 1261 :1 71-1 82, 1995). To investigate whether protein phosphorylation might be associated 
with Tat-SF, an immobilized HIV TAR RNA was used to collect bound proteins from a 

20 reconstituted transcription reaction in the presence of Y - I: P ATP. Referring to Figure 1 B, 
biotinylated TAR RNA (nucleotides +1 to +82) immobilized on the Paramagnetic beads was 
introduced into the kinase reactions containing Y -"P ATP (10 mCi) and cither the pc-D fraction 
alone (lanes 3 and 4). or the Tat-SF fraction alone (lanes 5 and 6). or both pc-D and Tat-SF 
factions together (lanes 1 , 2, and 7). Recombinant wild type Tal protein (13 ng) was included in 

25 the reactions shown in lanes 2, 4, and 6. Tat mutant TatK4 1 A (13 ng) was present in lane 7 
(Rice and Carlotti,./ Virol 64:1864-1868, 1990). After incubation for 10 min at 30'C, the TAR 
RNA beads were washed extensively in buffer D containing 100 mM KCl and 0.1% NP-40 and 
the bound proteins were analyzed by SDS-PAGE. In reactions containing either the pc-D 
fraction alone (lanes 3 and 4, Figure IB) or the Tat-SF fraction alone (lanes 5 and 6) ; addition of 

30 Tat did not consistently affect the phosphorylation of proteins on immobilized TAR. When both 
fractions were incubated together in the presence of Tat. phosphorylation of a protein of 
approximately 140 kD. termed ppl40, was observed (Figure I B. lane 2). In the absence of Tat, 
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however, only a small amount of phosphorylated ppl40 was detected (lanes 1 ). Thus ? collection 
of a phosphorylated ppl40 on TAR required the presence of the pc-D fraction, the Tat-SF 
fraction, and Tat. This suggested the existence of a complex on TAR that consists of Tat, a 
cellular kinase probably derived from the pc-D fraction, and the kinase substrate ppHO from the 

5 Tat-SF fraction (see below). 

An intact Tat activation domain was necessary for ppl40 phosphorylation on TAR. When 
a non-functional Tat mutant (K41 A; Rice and Carlotti, 1990), which has the lysine at position 41 
substituted by alanine, was present in the kinase reaction (Figure IB, lane 7). the amount of 
phosphorylated ppl40 collected on the immobilized TAR was significantly reduced (compare 

10 lanes 2 and 7). Importantly, this was not due to a decreased ability of K4 1 A to interact with 
TAR, since K4 1 A bound to TAR as efficiently as wild type Tat in a gel mobility-shift assay. 

Similar results were also obtained with another Tat mutant (TatC), which lacks the 
cysteinc-rich activation domain (amino acids 22 to 37; Rice and Carlotti, 1990) and is 
completely defective for transcriptional activity (Figure 1C). Kinase reactions containing an 

15 immobilized TAR were prepared as above. Recombinant wild type Tat protein (13 ng) or Tat 
mutant (TatC, 1 3 ng) lacking the cysteine-rich domain (amino acid 22-37) was included in the 
reactions as indicated. No Tat was present in the control reaction (lane 1). 

The polypeptide pp!40 co-purificd and co-titrated with Tat-SF transcriptional activity 
during purification through multiple chromatography steps. For example, when partially purified 

20 Tat-SF was scdimcntcd through a glycerol gradient and the first 10 fractions were analyzed in the 
reconstituted transcription assay for the presence of Tat-SF activity (Figure 2A), Tat-SF activity 
and pp!40 co-peaked. A 0.2-0.4 M KCI Heparin Sepharose fraction (load, lanes 3 and 4), 
prepared as described above, containing Tat-SF activity was loaded onto a 12-35% glycerol 
gradient and subjected to ultracentrifugation. The first 10 of a total 16 fractions were tested for 

25 Tat-SF activity in the reconstituted transcription reactions in the absence (-) or presence (+) of 
Tat as in Figure 1 A. Control reactions (lanes I and 2) did not contain Tat-SF fraction. Protein 
molecular weight markers were sedimented in a parallel gradient and analyzed by silver staining. 
The peak of Tat-SF activity that supported Tat r/wrv-activation was in fractions #4 and #3, 
corresponding to a native molecular mass of approximately 100 kD. When the same fractions 

30 were analyzed in the kinase assay for the presence of ppl 40 in a kinase assay as described in 
Figure IB (see Figure 2B), phosphorylation of ppl 40 was also most evident in fractions #4 and 
#3, in agreement with the transcription results. 
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Fi am plft V Purification nf pp140 hv Tat affinity column chromatography. 

As noted above, detection of the phosphorylated p P 140 on TAR requires the presence of 
the pc-D fraction, the Tat-SF fraction, and Tat. Sequential incubations of these components with 
5 an immobilized TAR revealed a stable and direct interaction between Tat and a cellular kinase 
and between Tat and ppl40. Therefore, columns containing immobilized Tat were used to 
affinity-purify Tat-SF/ppl40. The 0.2-0.4 M KC1 Heparin Sepharose fraction (load) containing 
Tat-SF activity described in Example 1 was subjected to fractionation through an Affi-Gel 10 
matrix column (Bio-Rad, Hercules, CA) containing immobilized Tat. Tat-SF activity was eluted 
10 from the column with increasing salt concentrations. The 0.6 M KC1 fraction was analyzed in 
Figure 3. Fractions eluted from either a GST-Tat column or a Tat affinity column were analyzed 
in reconstituted transcription assays for the presence of Tat-SF activity (Figure 3 A). Both 
fractions were enriched in Tat-SF activity which supported a Tat-specific and TAR-dependent 
activation. The same two fractions were tested in a kinase assay as described in Example 1 and 
1 5 were found to contain pp 1 40 (Figure 3B). When analyzed by silver staining, the polypeptide 
profiles of these two fractions were different overall, with the only common band having a 
mobility of 140 kD (Figure 3C). This polypeptide was judged to be ppl40 and probably a 
component of Tat-SF activity. 

The 140 kD polypeptide was recovered from the SDS polyacrylamide gel by blotting 
20 onto a nitrocellulose membrane. Approximately 1 5 PP 140 was recovered from the membrane 
and subjected to digestion with lys-C. Six major peptides were obtained and microsequenced. 
Sequence analysis of six peptides indicated thai p P 140 was a novel protein. However, one of the 
peptides (KMNAQETATGMAFEEPIDE, SEQ ID NO:3) was contained in the sequence of an 
unidentified "expressed sequence tag" (EST) EST60354 in the Washington University/Merck 
25 EST database. A 1 03 amino acid protein fragment (Figure 5 A, amino acids 387 to 489) encoded 
by the corresponding EST clone was expressed as a GST fusion and used to immunize rabbits for 
the production of polyclonal antiscra. By Western blotting, the affinity-purified antibody 
specifically recognized a 140 kD protein present in both HeLa nuclear extracts and a partially 
purified Tat-SF fraction (Figure 4C). 

30 

p^mpl,* 4- P p140 and a ^llnlar kinase form a complex independently of Tat . 
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The Tat-SF specific antibody was used to test the relationship between the EST clone and 
ppl40. The Tat-SF fraction was subjected to immunodepletion with the affinity purified 
antibody and then incubated together with the pc-D fraction and Tat. The polypeptide pp!40 
was immunodepleted from a 0.4-0.5 M KC1 Q-Sepharose fraction (Tat-SF fraction) through 
incubation on ice twice for 1 .5 hr each with the affinity purified anti-ppl40 antibody 
immobilized on protein A Sepharosc beads. Referring to Fig. 4, the depleted (lanes 5 and 6) or 
undepleted Tat-SF fractions (no deplf lanes 1-4) were incubated with the pc-D fraction in the 
absence (-) or presence (+) of Tat and the reactions were subjected to immunoprecipitation with 
the immobilized anti-ppl40 antibody (lanes 3-6). Preimmune antibody was used in control 
precipitations (lanes 1 and 2). An unfractionated HeLa nuclear extract (NE) with (+) or without 
(-) the addition of Tat was also subjected to immunoprecipitation with the specific antibody 
(lanes 7 and 8). After extensive washes with buffer D containing 1 00 mM KC1, 0. 1 % NP-40. 
and 10 mM MgCU the immune-complex bound to protein A Sepharosc beads was analyzed in a 
kinase reaction in the presence of y-"P ATP for 10 min at 30'C, washed with buffer D, and 
analyzed by SDS-PAGE (Figure 4A, lane 6). In contrast to the control undepleted Tat-SF 
fraction (lane 4), the fraction depleted with the specific antibody did not contain the 
phosphorylated pp!40 (compare lanes 4 and 6). Therefore, the 140 kD protein recovered from 
the SDS gel and represented by the EST clone was indeed ppl40, the kinase substrate. 

These reactions also suggest that the polypeptide ppHO and its kinase formed a stable 
complex independently of Tat. When the Tat-SF fraction and the pc-D fraction were incubated 
together in the absence of Tat, followed by immunoprecipitation with the anti-pp!40 antibody. 
ppl40 was phosphorylated by its associated kinase when the isolated immune-complex was 
assayed in the kinase reaction (Figure 4A, lane 3). This result indicates that ppl40 forms a 
complex with its kinase in the absence of Tat. Furthermore, the addition of Tat to the initial 
incubation did not change the level of phosphorylation on ppl40 (compare lanes 3 and 4). 

A preformed complex containing ppl40 and its kinase could be isolated by 
immunoprecipitation and detected in a kinase reaction from an unfractionated HeLa nuclear 
extract in the absence of Tat (Figure 4 A, compare lanes 7 and 8). This complex was stable under 
transcription conditions (less than 0.1 M KC1), but dissociated in washes of greater than 0.25 M 
KCI, and probably dissociated during fractionation in the purification of Tat-SF. These 
observations suggest that Tat is not required for the phosphorylation of pp 140 by its associated 
kinase, but is required for the association of the phosphorylated ppl40 and the kinase with TAR 
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(Figure IB). Thus, Tat probably recruits a preformed complex containing ppl40 and a kinase to 
the HIV promoter region during transcription. 

Example 5: pp!40 is requir ed for Tat-SF transcriptional activity. 

5 To test whether pp 1 40 is indeed necessary for Tat activation, the anti-pp 1 40 antibody was 

used to immuno-deplete ppl40 from a partially purified fraction containing Tat-SF activity and 
the depleted fraction was then tested in reconstituted transcription reactions for its ability to 
support Tat activation (Figure 4B), A 0.4-0.5 M KCI Q-Sepharose fraction containing Tat-SF 
activity was subjected to immunodepletion with preimmune antibody (lanes 5, 6, 9, and 10) or 

10 specific anti-ppl40 antibody (lanes 7, 8, 1 1 , and 12) immobilized on protein A Sepharose beads 
as in Example 4. Tat-SF fraction subjected to depletion once ( IX) or twice (2X), and the 
undepleted Tat-SF fraction (lanes 3 and 4) were tested in transcription reactions for Tat-SF 
activity as described above. No Tat-SF fraction was present in the control reactions (lanes 1 and 
2). Control reactions without Tat-SF did not support Tat activation (Figure 4B, lanes 1 and 2). 

1 5 Inclusion of the Tat-SF fraction resulted in a TAR-dependent activation by Tat as expected (lanes 
3 and 4). As compared to control Tat-SF fraction (lanes 3 and 4). depletion of the Tat-SF 
fraction with specific anti-ppl40 antibody immobilized on protein A Sepharose matrix either 
once (lanes 7 and 8) or especially twice (lanes 1 1 and 12) significantly reduced its ability to 
support Tat activation. In contrast, depletion of the Tat-SF fraction with preimmune antibody 

20 either once (lanes 5 and 6) or twice (lanes 9 and 10) did not significantly reduce Tat activation. 
Similarly, depletion of the Tat-SF fraction with an unrelated antibody (anti-HA mAb 12CA5) 
had no effect Tat activation. 

The undepleted Tat-SF fraction and Tat-SF fraction twice-depleted with the specific or 
preimmune antibody were subjected to electrophoresis and Western blotting with the anti-ppl40 

25 antisera. As expected, a Western blot (Figure 4C) indicates that depletion with the anti-pp 140 
antibody efficiently removed pp!40 from Tat-SF fraction. Taken together, these experiments 
strongly argue that pp!40 is indeed necessary for Tat-SF transcriptional activity. 

Fxam plc 6: Isolation o f the cDNA encoding dd140. 
30 An Xhol-EcoRi fragment 32 P-labeled DNA probe made from the insert of the EST clone 

corresponding to the COOH-terminus of the Tat-SF 1 gene and its 3' untranslated region was 
labeled and used as a probe to screen a XZipLox (Gibco BRL) cDNA library prepared from 
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human HL60 cells (provided by J. Borrow, MIT, Cambridge, MA). cDNAs were recovered from 
seven independent plaques in the autonomously -replicating plasmid pZLl using the protocol 
provided by the manufacturer (Gibco BRL). Inserts from the seven independent plaques had 
similar restriction endonuclease cleavage patterns, and sequencing confirmed that they contained 
overlapping segments. The largest cDNA clone containing the full length Tat-SFl gene was 
named pZL-Tat-SFl-4b and was sequenced by dideoxy-DNA sequencing with T7 DNA 
polymerase. The largest cDNA fragment was 2.8-kb in length and contained a 2271 -bp open 
reading frame. T here were multiple in-frame stop codons both upstream and downstream of this 
coding region. Surprisingly, the open reading frame encoded a protein of 754 amino acids with a 
calculated molecular weight of 85,767 daltons (Figure 5 A), which was significantly less than the 
apparent molecular weight of 140 kD calculated from the mobility in an SDS polyacrylamide 
gel. 

This cDNA was judged to encode the authentic full length ppl40 based on several 
observations. First, transfection of this cDNA into human 293T cells (Pear et al., Proc. Natl. 
Acad. Sci USA 90:8392-8396, 1993) resulted in the production of the full length ppl40 
polypeptide and thus a significant increase in the total cellular level of ppl40 as judged by 
Western blotting. Second, all six peptide sequences obtained from partial sequencing of ppl40 
were found in the predicted coding region (underlined in Figure 5A). Third. Northern analysis of 
poly(A)* RNA isolated from several different types of human cells detected a single 3.0 kb 
species, a length consistent with that of the cDNA segment and adequate to encode a polypeptide 
of 86 kD. Finally, this cDNA and two additional cDNA clones isolated from a completely 
different cDNA library had identical upstream in-frame stop codons. 

Sequence analysis of the protein, referred to as Tat-SFl , is shown in Figure 5 A. 
Glutamate (E) and aspartate (D) residues present in the COOH-terminal half of Tat-SFl (amino 
acids 420 to 754) arc shown in bold face type. The two RNA recognition motifs (RRMs) in the 
NH r terminal half of Tat-SFl are boxed, with the conserved RNP1 and RNP2 motifs shown in 
shaded area and bold face type, respectively. The six peptides of Tat-SFl that were generated by 
digestion with lys-C and subjected to microscquencing arc underlined. The regions of Tat-SFl 
that are homologous to human EWS arc underlined with broken lines. 

The sequence analysis of the protein revealed that it has several unique features. The 
protein can be roughly divided at position 420 into two halves. The COOH-terminal half was 
extremely rich in acidic amino acids, with 48% of the last 245 amino acid residues as glutamate 
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or aspartate. The unusual acidic nature of this protein may be responsible for its aberrant 
mobility in an SDS gel. The COOH-terminal half also contained many serine residues that are 
arranged in a short peptide sequence matching consensus sites for phosphorylation by Casein 
Kinase II (Marshak and Carroll. Methods Enxymol. 200:134-156, 1991). Such phosphorylation 
would contribute more negative charges to this region. 

The NH,-terminal half of Tat-SFl contained two tandem RNA recognition motifs (Kenan 
et al., Trends Biochem. Sci. 1 6:2 1 4-220, 1 99 1 ) which have homology to many RNA-binding 
proteins. Interestingly, the first RRM of Tat-SFl (amino acid 128 to 217, boxed in Figure 5A) 
was similar in length and displayed the strongest sequence homology to the RRMs located in the 
COOH-terminal half of two closely related human proteins, EWS (Delattre et al., Nature 
359:162-165, 1992; Sorensen et al., Nature Genet. 6:146-151, 1994) (Figure 5B) and FUS/TLS 
(Crozat et al., Nature 363:640-644, 1993; Rabbitts et al., Nature Genet. 4:175-180, 1993). 
Furthermore, the sequence homology between Tat-SFl and EWS, or between Tat-SFl and 
FUS/TLS, extended beyond the two RRMs into the immediate NH 3 -terminal region of Tat-SFl 
(Figure 5A and B). The amino acid sequences of the homologous regions of Tat-SFl (SEQ ID 
NO:2) and EWS (SEQ ID NO:4) are compared in Fig. 5B. The amino acids of each protein are 
numbered next to the sequences. Vertical lines and dots indicate identical and conserved 
residues, respectively. EWS has two tandem, imperfect repeats (amino acids 209 to 236) that 
show homology to Tat-SFl (amino acids 30 to 44). The alignment between the first repeat 
(amino acids 209-223) of EWS and Tat-SFl is shown. The first RRM of Tat-SFl (amino acids 
1 28 lo 446) is almost identical in length, and is 27% identical and 52% similar in amino acid 
sequence to the RRM of EWS. Sequence homology similar to that observed between Tat-SFl 
and EWS also exists between Tat-SFl and human FUS/TLS, which is closely related to EWS. 
The RRMs of other RNA binding proteins are less homologous and show greater variations in 
length as revealed by the BLAST algorithm (Altschul etal.,J. Mol. Biol. 215:403-410, 1990). 

These observations suggest that Tat-SFl is related to EWS and FUS/TLS, which are 
members of a novel class of putative transcription factors that presumably interact with RNA. 
Both EWS and FUS/TLS arc involved in many forms of human solid tumors (Ladanyi, Diagn. 
Mai. Pathol. 4:162-173, 1995; Rabbitts, Nature 372:143-149, 1994), such as Ewing's sarcoma 
(Delattre et al., 1992; Sorensen ct al., 1994) and human myxoid liposarcoma (Crozat et al., 1993; 
Rabbitts et al., 1993), through chromosomal translocations. 
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Hxampl f 7; Qvttrexpression of Tat-S Fl enhances Tat activation in vivo. 

To investigate whether overexpression of Tat-SFl affects the level of Tat activation in 
vivo, a plasmid expressing Tat-SFl and a reporter construct containing HIV-1 LTR linked to the 
bacterial CAT gene were introduced into HeLa cells either in the presence or absence of a 
5 cotransfected plasmid expressing Tat (Table I and Figure 6). As a control, the effect of Tat-SF 1 
overexpression on transcriptional activation by the acidic activation domain VP 16 in the TFEB- 
VP16 and GAL4-VP1 6 fusion proteins was assayed (Harper et al. t Proc. Nad. Acad, Sci. USA 
93:8536-8540, 1996). The Tat-SFl gene was subcloned into the mammalian expressing vector 
pSV7d (Truett et al., DNA 4:333-349, 1985) to create pSV-Tat-SFl . pSV-Tat-SFl or vector 
10 pSV7d and a reporter construct pBennCAT (Gendelman et al., Proc. Nati Acad Sci. USA 
83:9759-63, 1986) containing HIV-1 LTR linked to the bacterial CAT gene (I ng each) and an 
internal control plasmid pCM V^-Gal were co-transfected into HcLa cells, either in the presence 
or absence of a Tat expressing plasmid pcTat (0.3 pg) (Tiley et al. Virology 1 78:560-567, 1 990). 
CAT activity was measured 48 hr later as described (Neumann el al., BioTechniques 5:444-447, 
15 1987). In control experiments, pSV-Tat-SFl or pSV7d and the reporter construct 

pMyc3ElBLuc (Harper ct al., 1996) were introduced into HeLa cells together with the plasmids 
pRCCM V-TFEB-VP 1 6 (0.3 /ig) expressing the TFEB-VP 1 6 fusion protein (Harper et al, 1 996). 
pMyc3ElBLuc contained the luciferase gene downstream of the Adenovirus E1B promoter with 
three binding sites for TFEB. Reporter construct P G5E1BCAT (Lillie et al.. Nature 338:39-44, 
20 1 989) containing five G AL4-binding sites inserted upstream of the E 1 B promoter and the CAT 
gene was used to assay GAL4-VP16 rnmy-activation. The fold activation by Tat or VP 16 in 
cells containing the empty vector was assigned a value of 1, and activation in the presence of 
Tat-SFl was adjusted accordingly. The mean value from three experiments was shown. 

Expression of Tat-SFl from the transfectcd DNA consistently resulted in an increase in 
25 Tat activation by an average of 5.2-fold as compared to the control HeLa cells transfectcd with 
an empty vector (Figure 6 and Table 1). The enhanced activation mediated by Tat-SFl was Tat- 
specific, since overexpression of Tat-SFl had little, or sometimes even a slightly negative, effect 
on transcriptional activation by TFEB-VP 1 6. Interestingly, the elevated fold induction by Tat 
resulting from Tat-SFl overexpression was caused by a combination of a decrease in the basal 
30 level of transcription from HIV-1 LTR in the absence of Tat and a small increase in the level of 
Tat-activated transcription (Table 1). Since Tat-SFl is probably a component of a protein 
complex that also includes a cellular kinase and perhaps other cellular components, 
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ovcrcxpression of Tat-SFl alone may disrupt the normal stoichiometry of the complex resulting 
in a decrease in the basal level of HIV transcription. The presence of Tat could stabilize and 
recruit the active form of the complex to the HIV promoter to stimulate the processivity of 
elongation. 

F.OI HVALENTS 

Those skilled in the art will recognize, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention described 
herein. Such equivalents are intended to be encompassed by the following claims. 

All references disclosed herein are incorporated by reference in their entirety. 

A Sequence Listing is presented below and is followed by what is claimed. 
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(1) GENERAL INFORMATION 

(i) APPLICANT: 

(A) NAME: MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

(B) STREET: 77 MASSACHUSETTS AVENUE 

(C) CITY: CAMBRIDGE 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: UNITED STATES OF AMERICA 

(F) POSTAL CODE: 02139 

(i) APPLICANT/ INVENTOR: 

(A) NAME: SHARP, PHILLIP A. 

(B) STREET: 36 FERMONT AVENUE 

(C) CITY: NEWTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: UNITED STATES OF AMERICA 

(F) POSTAL CODE: 02158 

(i) APPLICANT/ INVENTOR: 

(A) NAME: ZHOU, QIANG 

(B) STREET: 206 STANLEY HALL 
25 (C) CITY: BERKELEY 

(D) STATE: CALIFORNIA 

(E) COUNTRY: UNITED STATES OF AMERICA 

(F) POSTAL CODE: 94720 

30 (ii) TITLE OF THE INVENTION: TAT-SF : COFACTOR FOR STIMULATION 

OF TRANSCRIPTIONAL ELONGATION BY HIV-1 TAT 

(iii) NUMBER OF SEQUENCES: 5 

35 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Wolf, Greenfield & Sacks, P.C. 

(B) STREET: 600 Atlantic Avenue 

(C) CITY: Boston 

(D) STATE: MA 

40 (E) COUNTRY: U.S.A. 

(F) ZIP: 02210 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 
45 (B) COMPUTER; IBM Conpatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows 



5 



10 



15 



20 
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(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION : 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/021,218 

(B) FILING DATE: 03 -JUL- 199 6 

(A) APPLICATION NUMBER: US 60/033,152 

(B) FILING DATE: 13-DEC-1996 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Gates, Edward R. 

(B) REGISTRATION NUMBER: 31,616 

(C) REFERENCE/DOCKET NUMBER: M0656/7024WO 

(ix) TELEOOfWUNI CATION INFORMATION: 

(A) TELEPHONE: 617-720-3500 

(B) TELEFAX: 617-720-2441 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2815 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cENA 
( ix) FEATURE : 

(A) NAME/KEY: Coding Sequence 

(B) LOCATION: 110... 2371 
(D) OTHER INFORMATION : 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GGGAAAGCTG GTAOGCCTGC AGGTACCGGT COGGAATTCC GGCOGNGTOG AAAGCGTCAT 
TTCGGCCTCT TAGTTCTTCT GAACCCTGCT CCTGAGCTAG GTAGGAAAC ATG AGC GGC 

Met Ser Gly 
1 

ACC AAC TTG GAT GGG AAC GAT GAG TIT GAT GAG CAG TTG OGA ATG CAA 
Thr Asn Leu Asp Gly Asn Asp Glu Phe Asp Glu Gin Leu Arg Met Gin 
5 10 15 
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GAA TTG TAC GGA GAC GGC AAG GAT GGT GAC ACC CAG ACC GAT GCC GGC 214 
Glu Leu Tyr Gly Asp Gly Lys Asp Gly Asp Thr Gin Thr Asp Ala Gly 
20 25 30 35 

5 GGA GAA CCC GAT TCT CTC GGG CAG GAG COG ACG GAC ACT CCC TAC GAG 262 
Gly Glu Pro Asp Ser Leu Gly Gin Gin Pro Thr Asp Thr Pro Tyr Glu 
40 45 50 

TGG GAC CTG GAC AAA AAG GCT TOG TIC CCC AAG ATT ACT GAA GAT TIC 310 
10 Trp Asp Leu Asp Lys Lys Ala Trp Phe Pro Lys lie Thr Glu Asp Phe 
55 60 65 

ATT GCT ACA TAT CAG GCC AAT TAT GGC TTC TCT AAC GAT GGC GCA TCT 358 
He Ala Thr Tyr Gin Ala Asn Tyr Gly Phe Ser Asn Asp Gly Ala Ser 
15 70 75 80 

AGT TCT ACC GCA AAT GTT GAA GAT GTC CAT GCT AGG ACT GCA GAG GAA 406 
Ser Ser Thr Ala Asn Val Glu Asp Val His Ala Arg Thr Ala Glu Glu 
85 90 95 

20 

CCT CCA CAA GAA AAA GCC COG GAA CCC ACT GAT GCC AGA AAG AAG GGA 454 
Pro Pro Gin Glu Lys Ala Pro Glu Pro Thr Asp Ala Arg Lys Lys Gly 
100 105 110 115 

25 GAA AAA AGA AAG GCT GAG TCA GGA TGG ITT CAT GTT GAA GAA GAC AGA 502 
Glu Lys Arg Lys Ala Glu Ser Gly Trp Phe His Val Glu Glu Asp Arg 
120 125 130 

AAT ACA AAT GTA TAC GTG TCT GGT TTG CCT CCA GAT ATT ACA GTG GAT 550 
30 Asn Thr Asn Val Tyr Val Ser Gly Leu Pro Pro Asp He Thr Val Asp 
135 140 145 

GAA TTT ATA CAA CTT ATG TCC AAG TIT GGC ATT ATT ATG AGA GAT CCT 598 
Glu Phe He Gin Leu Met Ser Lys Phe Gly He He Met Arg Asp Pro 
35 150 155 160 

CAG ACA GAA GAA TTT AAG GTC AAA CTT TAC AAA GAT AAT CAA GGA AAT 646 
Gin Thr Glu Glu Phe Lys Val Lys Leu Tyr Lys Asp Asn Gin Gly Asn 
165 170 175 

40 

CTT AAA GGA GAC GGT CTT TCC TGT TAT TTG AAA AGA GAA TCT GTG GAA 694 
Leu Lys Gly Asp Gly Leu Cys Cys Tyr Leu Lys Arg Glu Ser Val Glu 
180 185 190 195 

45 CTT GCA TTA AAA CTT TTG GAT GAA GAT GAA ATT AGA GGC TAC AAA TTA 742 
Leu Ala Leu Lys Leu Leu Asp- Glu Asp Glu He Arg Gly Tyr Lys Leu 
200 205 210 
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CAT GIT GAG CTG GCA AAG TTT CAA CTC AAG GGA GAA TAT GAT GCC TCA 790 
His Val Glu Val Ala Lys Phe Gin Leu Lys Gly Glu Tyr Asp Ala Ser 
215 220 225 

5 AAG AAG AAG AAG AAG TGC AAA GAC TAT AAG AAG AAG CTG TCT ATG CAA 838 
Lys Lys Lys Lys Lys Cys Lys Asp Tyr Lys Lys Lys Leu Ser Met Gin 
230 235 240 

CAA AAG CAG TTG GAT TGG AGA CCT GAG AGG CGA GCC GGA CCA TCC CGG 886 
10 Gin Lys Gin Leu Asp Trp Arg Pro Glu Arg Arg Ala Gly Pro Ser Arg 
245 250 255 

ATG CGC CAT GAG CGA GTT GTC ATC ATC AAG AAT ATG TTT CAT CCT ATG 934 
Met Arg His Glu Arg Val Val lie He Lys Asn Met Phe His Pro Met 
15 260 265 270 275 

GAT TTT GAG GAT GAT COG TTG GTG CTG AAT GAG ATC AGA GAA GAC CTT 982 
Asp Phe Glu Asp Asp Pro Leu Val Leu Asn Glu He Arg Glu Asp Leu 
280 285 290 

20 

CGA GTA GAG TGT TOG AAG TTT GGA CAA ATT AGG AAA CTC CTT CTC TTT 1030 
Arg Val Glu Cys Ser Lys Phe Gly Gin He Arg Lys Leu Leu Leu Phe 
295 300 305 

25 GAT AGG CAC CCA GAT GGT GTG GCC TCT GTG TCC TTT CGG GAT CCA GAG 1078 
Asp Arg His Pro Asp Gly Val Ala Ser Val Ser Phe Arg Asp Pro Glu 
310 315 320 

GAA GCT GAT TAT TGT ATT CAG ACT CTC GAT GGA AGA TGG TIT GGT GGC 1126 
30 Glu Ala Asp Tyr Cys He Gin Thr Leu Asp Gly Arg Trp Phe Gly Gly 
325 330 335 

CGT CAA ATC ACT GCC CAG GCA TGG GAT GGG ACT ACA GAT TAT CAG GTG 1174 
Arg Gin He Thr Ala Gin Ala Trp Asp Gly Thr Thr Asp Tyr Gin Val 
35 340 345 350 355 

GAG GAA ACC TCA AGA GAA AGG GAG GAA AGG CTG AGA GGA TGG GAG GCT 1222 
Glu Glu Thr Ser Arg Glu Arg Glu Glu Arg Leu Arg Gly Trp Glu Ala 
360 365 370 

40 

TTC CTC AAT GCT CCT GAG GCC AAC AGA GGC CTT AGO GTT CAG ATT CTG 1270 
Phe Leu Asn Ala Pro Glu Ala Asn Arg Gly Leu Ser Val Gin He Leu 
375 380 385 

45 TCT CTG CTT CGA AAG GCA GGG CCT TCT AGA GCA AGG CAT TTT TCA GAG 1318 
Ser Leu Leu Arg Lys Ala Gly Pro Ser Arg Ala Arg His Phe Ser Glu 
390 395 400 



03/27/2003, EAST Version: 1.03.0002 



WO W/00695 PCT/U»7/1 1713 

- 40 - 

CAC CCC AGC ACA TCT AAA ATG AAT GCT CM GAA ACT GCA ACT GGA ATG 1366 
His Pro Ser Thr Ser Lys Met Asn Ala Gin Glu Thr Ala Thr Gly Met 
405 410 415 

5 GCA TIT GAA GAA CCT ATA GAT GAG AAG AAG TTT GAA AAG ACA GAA GAT 1414 
Ala Phe Glu Glu Pro lie Asp Glu Lys Lys Phe Glu Lys Thr Glu Asp 
420 425 430 435 

GGG GGA GAA TTT GAA GAA GGT GCT TCT GAA AAC AAT GCT AAG GAA ACT 1462 
10 Gly Gly Glu Phe Glu Glu Gly Ala Ser Glu Asn Asn Ala Lys Glu Ser 

440 445 450 

AGC CCC GAA AAA GAG GCT GAA GAA GGC TGC CCT GAA AAA GAA TCT GAA 1510 
Ser Pro Glu Lys Glu Ala Glu Glu Gly Cys Pro Glu Lys Glu Ser Glu 
15 455 460 465 

GAG GGC TGC CCC AAA AGA GGG TTT GAA GGC AGC TGC TCC CAA AAA GAG 1558 
Glu Gly Cys Pro Lys Arg Gly Phe Glu Gly Ser Cys Ser Gin Lys Glu 
470 475 480 

20 

TCT GAA GAA GGC AAT CCC GTA AGA GGA TCT GAA GAG GAT ACT CCT AAA 1606 
Ser Glu Glu Gly Asn Pro Val Arg Gly Ser Glu Glu Asp Ser Pro Lys 
485 490 495 

25 AAA GAG TCT AAA AAG AAG ACA CTC AAA AAT GAT TGT GAA GAG AAT GGC 1654 
Lys Glu Ser Lys Lys Lys Thr Leu Lys Asn Asp Cys Glu Glu Asn Gly 
500 505 510 515 

CTT GCA AAG GAA TCT GAA GAT GAC CTC AAC AAG GAG TCT GAA GAG GAG 1702 
30 Leu Ala Lys Glu Ser Glu Asp Asp Leu Asn Lys Glu Ser Glu Glu Glu 

520 525 530 

GIT GGC CCC ACA AAA GAG TCC GAA GAA GAT GAC TCA GAG AAA GAG TCT 1750 
Val Gly Pro Thr Lys Glu Ser Glu Glu Asp Asp Ser Glu Lys Glu Ser 
35 535 540 545 

GAT GAA GAC TGC TCT GAA AAA CAG TCT GAA GAT GGC TCC GAA AGA GAA 1798 
Asp Glu Asp Cys Ser Glu Lys Gin Ser Glu Asp Gly Ser Glu Arg Glu 
550 555 560 

40 

TTT GAA GAA AAT GGT CTC GAG AAA GAT TTG GAC GAG GAA GGT TCT GAA 1846 
Phe Glu Glu Asn Gly Leu Glu Lys Asp Leu Asp Glu Glu Gly Ser Glu 
565 570 575 

45 AAG GAG CTT CAT GAA AAT GTT CTT GAC AAA GAG TTA GAA GAA AAT GAC 1894 
Lys Glu Leu His Glu Asn Val Leu Asp Lys Glu Leu Glu Glu Asn Asp 
580 585 590 595 
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TCT GAA AAC TCC GAA TTT GAA GAT GAC GGC TCT GAA AAA GTO TTA GAT 1942 
Ser Glu Asn Ser Glu Phe Glu Asp Asp Gly Ser Glu Lys Val Leu Asp 
600 60S 610 

GAG GAA GGC TCT GAG AGA GAG TTT GAC GAA GAT TCA GAT GAA AAG GAA 1990 
Glu Glu Gly Ser Glu Arg Glu Phe Asp Glu Asp Ser Asp Glu Lys Glu 
615 620 625 



GAA GAG GAG GAT ACA TAT GAA AAA GTA TIT GAT GAT GAG TCT GAT GAG 
10 Glu Glu Glu Asp Thr Tyr Glu Lys Val Phe Asp Asp Glu Ser Asp Glu 
630 635 640 



2038 



15 



20 



AAA GAG GAT GAA GAA TAT GCA GAT GAA AAG GGG CTT GAA GCT GCT GAT 2086 
Lys Glu Asp Glu Glu Tyr Ala Asp Glu Lys Gly Leu Glu Ala Ala Asp 
645 650 655 

AAA AAG GOG GAA GAA GGT GAT GCA GAT GAA AAG CTG TTT GAA GAG TCA 2134 
Lys Lys Ala Glu Glu Gly Asp Ma Asp Glu Lys Leu Phe Glu Glu Ser 
660 665 670 675 

GAT GAC AAG GAA GAT GAA GAT GCA GAT GGA AAG GAA GTT GAA GAT GCT 2182 
Asp Asp Lys Glu Asp Glu Asp Ala Asp Gly Lys Glu Val Glu Asp Ala 
680 685 690 



25 GAC GAA AAG TIG TTC GAA GAT GAT GAT TCC AAT GAG AAG TIG TTT GAT 2230 
Asp Glu Lys Leu Phe Glu Asp Asp Asp Ser Asn Glu Lys Leu Phe Asp 
695 700 705 

GAG GAG GAA GAT TCC ACT GAG AAG TIG TTT GAC GAT TCT GAT GAG AGG 2278 
30 Glu Glu Glu Asp Ser Ser Glu Lys Leu Phe Asp Asp Ser Asp Glu Arg 
710 715 720 



35 



GGG ACT TTG GGT GCT TTT GGG ACT GTT GAA GAA GGG CCC CTA TCC ACT 
Gly Thr Leu Gly Gly Phe Gly Ser Val Glu Glu Gly Pro Leu Ser Thr 
725 730 735 



2326 



40 



45 



GGC AGC AGC TTT ATT CTC ACT AGC GAT GAT GAT 
Gly Ser Ser Phe He Leu Ser Ser Asp Asp Asp 
740 745 750 

CCTTAAACTT GCITTTTAGG GAGAGTCCTC CATCTACATT 
TACTACTACT GITACATGAA CATGTGCATA GTGCTAGGAT 
AACTGTTTCA TICTTACCTG TACCTAATGG TTTTAAATAT 
TAAAATCTCA TAGTTACAAT GCAACTAAAC TGGATACTTG 
AATGCATGCA GAATAATATT TTTAAGACTA TIGATTGAAG 
AAATGAGTTG ATAATATGCA GAAACIGAAA AAAAAAAAAA 
GGAATTCCCG GGTCGACGAG CTCACTAGTC GGOGGCOGCT 



GAC GAT GAT ATT TAATC 
Asp Asp Asp He 



2376 



TGCCTGTGCT 
GCCATCAGAT 
ATGTTAATTG 
TTCnTTCTC 
TTTGTGATAT 
AAAAAAAACT 
CTAGAGGATC 



TCAGGCTAAT 2436 

TAAAGCATTG 2496 

ATTCTTTACT 2556 

AGATTTGITA 2616 

TCATCAATAA 2676 

OGACNOGGCC 2736 

CAAGCTTAOG 2796 
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TAOGOCTGCA TGOGAOGTC 



2815 



(2) INFORMATICS FOR SEQ ID NO: 2: 



5 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 754 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



10 



(ii) MOLECULE TYPE: protein 



(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



15 Met Ser Gly Thr Asn Leu Asp Gly Asn Asp Glu Phe Asp Glu Gin Leu 
1 5 10 15 

Arg Met Gin Glu Leu Tyr Gly Asp Gly Lys Asp Gly Asp Thr Gin Thr 

20 25 30 

Asp Ala Gly Gly Glu Pro Asp Ser Leu Gly Gin Gin Pro Thr Asp Thr 
20 35 40 45 

Pro Tyr Glu Trp Asp Leu Asp Lys Lys Ala Trp Phe Pro Lys lie Thr 

50 55 60 

Glu Asp Phe He Ala Thr Tyr Gin Ala Asn Tyr Gly Phe Ser Asn Asp 
65 70 75 80 

25 Gly Ala Ser Ser Ser Thr Ala Asn Val Glu Asp Val His Ala Arg Thr 

85 90 95 

Ala Glu Glu Pro Pro Gin Glu Lys Ala Pro Glu Pro Thr Asp Ala Arg 

100 105 110 

Lys Lys Gly Glu Lys Arg Lys Ala Glu Ser Gly Trp Phe His Val Glu 
30 115 120 125 

Glu Asp Arg Asn Thr Asn Val Tyr Val Ser Gly Leu Pro Pro Asp He 

130 135 140 

Thr Val Asp Glu Phe He Gin Leu Met Ser Lys Phe Gly He He Met 
145 150 155 160 

35 Arg Asp Pro Gin Thr Glu Glu Phe Lys Val Lys Leu Tyr Lys Asp Asn 

165 170 175 

Gin Gly Asn Leu Lys Gly Asp Gly Leu Cys Cys Tyr Leu Lys Arg Glu 

180 185 190 

Ser Val Glu Leu Ala Leu Lys Leu Leu Asp Glu Asp Glu He Arg Gly 
40 195 200 205 

Tyr Lys Leu His Val Glu Val Ala Lys Phe Gin Leu Lys Gly Glu Tyr 

210 215 220 

Asp Ala Ser Lys Lys Lys Lys Lys Cys Lys Asp Tyr Lys Lys Lys Leu 
225 230 235 240 

45 Ser Met Gin Gin Lys Gin Leu Asp Trp Arg Pro Glu Arg Arg Ala Gly 

245 250 255 

Pro Ser Arg Met Arg His Glu Arg Val Val He He Lys Asn Met Phe 
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260 265 270 

His Pro Met Asp Phe Glu Asp Asp Pro Leu Val Leu Asn Glu He Arg 

275 280 285 

Glu Asp Leu Arg Val Glu Cys Ser Lys Phe Gly Gin He Arg Lys I^u 
5 290 295 300 

Leu Leu Phe Asp Arg His Pro Asp Gly Val Ala Ser Val Ser Phe Arg 
305 310 315 320 

Asp Pro Glu Glu Ala Asp Tyr Cys He Gin Thr Leu Asp Gly Arg Trp 
325 330 335 

10 Phe Gly Gly Arg Gin He Thr Ala Gin Ala Trp Asp Gly Thr Thr Asp 
340 345 350 

Tyr Gin Val Glu Glu Thr Ser Arg Glu Arg Glu Glu Arg Leu Arg Gly 

355 360 365 

Trp Glu Ala Phe Leu Asn Ala Pro Glu Ala Asn Arg Gly Leu Ser Val 
15 370 375 380 

Gin He Leu Ser Leu Leu Arg Lys Ala Gly Pro Ser Arg Ala Arg His 
385 390 395 400 

Phe Ser Glu His Pro Ser Thr Ser Lys Met Asn Ala Gin Glu Thr Ala 
405 410 415 

20 Thr Gly Met Ala Phe Glu Glu Pro He Asp Glu Lys Lys Phe Glu Lys 
420 425 430 

Thr Glu Asp Gly Gly Glu Phe Glu Glu Gly Ala Ser Glu Asn Asn Ala 

435 440 445 

Lys Glu Ser Ser Pro Glu Lys Glu Ala Glu Glu Gly Cys Pro Glu Lys 
25 450 455 460 

Glu Ser Glu Glu Gly Cys Pro Lys Arg Gly Phe Glu Gly Ser Cys Ser 
465 470 475 480 

Gin Lys Glu Ser Glu Glu Gly Asn Pro Val Arg Gly Ser Glu Glu Asp 
485 490 495 

30 Ser Pro Lys Lys Glu Ser Lys Lys Lys Thr Leu Lys Asn Asp Cys Glu 
500 505 510 

Glu Asn Gly Leu Ala Lys Glu Ser Glu Asp Asp Leu Asn Lys Glu Ser 

515 520 525 

Glu Glu Glu Val Gly Pro Thr Lys Glu Ser Glu Glu Asp Asp Ser Glu 
35 530 535 540 

Lys Glu Ser Asp Glu Asp Cys Ser Glu Lys Gin Ser Glu Asp Gly Ser 
545 550 555 560 

Glu Arg Glu Phe Glu Glu Asn Gly Leu Glu Lys Asp Leu Asp Glu Glu 
565 570 575 

40 Gly Ser Glu Lys Glu Leu His Glu Asn Val Leu Asp Lys Glu Leu Glu 
580 585 590 

Glu Asn Asp Ser Glu Asn Ser Glu Phe Glu Asp Asp Gly Ser Glu Lys 

595 600 605 

Val Leu Asp Glu Glu Gly Ser Glu Arg Glu Phe Asp Glu Asp Ser Asp 
45 610 615 620 

Glu Lys Glu Glu Glu Glu Asp Thr Tyr Glu Lys Val Phe Asp Asp Glu 
625 630 635 640 
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Ser Asp 


Glu 


Lys 


Glu 


Asp 


Glu 


Glu 


Tyr 


Ala Asp Glu Lys Gly Leu c*iu 






645 










650 ODD 


Ala Ala 


Asp 


Lys 


Lys 


Ala 


Glu 


Glu 


Gly 


Asp Ala Asp Glu Lys Leu trie 






660 










£ e c 

665 


o /u 


5 Glu Glu 


Ser 


Asp 


Asp 


Lys 


Glu 


Asp 


Glu 


Asp Ala Asp Gly Lys Glu vai 




675 










680 




685 


Glu Asp 


Ala 


Asp 


Glu 


Lys 


Leu 


Phe 


Glu 


Asp Asp Asp Ser Asn Glu Lys 


690 










695 






700 


Leu Phe 


Asp 


Glu 


Glu 


Glu 


Asp 


Ser 


Ser 


Glu Lys Leu Phe Asp Asp Ser 


10 705 






710 








715 720 


Asp Glu 


Arg 


Gly 


Thr 


Leu 


Gly 


Gly 


Phe 


Gly Ser Val Glu Glu Gly Pro 








725 










730 735 


Leu Ser 


Thr 


Gly 


Ser 


Ser 


Phe 


He 


Leu 


Ser Ser Asp Asp Asp Asp Asp 






740 










745 


750 



15 Asp He 



(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS : 
20 (A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Lys Met Asn Ala Gin Glu Thr Ala Thr Gly Met Ala Phe Glu Glu Pro 
15 10 15 

30 He Asp Glu 

(2) INFORMATION FOR SEQ ID NO:4: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 656 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Met Ala Ser Thr Asp Tyr Ser Thr Tyr Ser Gin Ala Ala Ala Gin Gin 
45 1 5 10 15 

Gly Tyr Ser Ala Tyr Thr Ala Gin Pro Thr Gin Gly Tyr Ala Gin Thr 
20 25 30 
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Thr Gin Ala Tyr Gly Gin Gin Ser Tyr Gly Thr Tyr Gly Gin Pro Thr 

35 40 45 

Asp Val Ser Tyr Thr Gin Ala Gin Thr Thr Ala Thr Tyr Gly Gin Thr 
50 55 60 

5 Ala Tyr Ala Thr Ser Tyr Gly Gin Pro Pro Thr Gly Tyr Thr Thr Pro 
65 70 75 80 

Thr Ala Pro Gin Ala Tyr Ser Gin Pro Val Gin Gly Tyr Gly Thr Gly 

85 90 95 

Ala Tyr Asp Thr Thr Thr Ala Thr Val Thr Thr Thr Gin Ala Ser Tyr 
10 100 105 110 

Ala Ala Gin Ser Ala Tyr Gly Thr Gin Pro Ala Tyr Pro Ala Tyr Gly 

115 120 125 

Gin Gin Pro Ala Ala Thr Ala Pro Thr Arg Pro Gin Asp Gly Asn Lys 
130 135 140 

15 Pro Thr Glu Thr Ser Gin Pro Gin Ser Ser Thr Gly Gly Tyr Asn Gin 
145 150 155 160 

Pro Ser Leu Gly Tyr Gly Gin Ser Asn Tyr Ser Tyr Pro Gin Val Pro 

165 170 175 

Gly Ser Tyr Pro Met Gin Pro Val Thr Ala Pro Pro Ser Tyr Pro Pro 
20 180 185 190 

Thr Ser Tyr Ser Ser Thr Gin Pro Thr Ser Tyr Asp Gin Ser Ser Tyr 

195 200 205 

Ser Gin Gin Asn Thr Tyr Gly Gin Pro Ser Ser Tyr Gly Gin Gin Ser 
210 215 220 

25 Ser Tyr Gly Gin Gin Ser Ser Tyr Gly Gin Gin Pro Pro Thr Ser Tyr 
225 230 235 240 

Pro Pro Gin Thr Gly Ser Tyr Ser Gin Ma Pro Ser Gin Tyr Ser Gin 

245 250 255 

Gin Ser Ser Ser Tyr Gly Gin Gin Ser Ser Phe Arg Gin Asp His Pro 
30 260 265 270 

Ser Ser Met Gly Val Tyr Gly Gin Glu Ser Gly Gly Phe Ser Gly Pro 

275 280 285 

Gly Glu Asn Arg Ser Met Ser Gly Pro Asp Asn Arg Gly Arg Gly Arg 
290 295 300 

35 Gly Gly Phe Asp Arg Gly Gly Met Ser Arg Gly Gly Arg Gly Gly Gly 
305 310 315 320 

Arg Gly Gly Met Gly Ser Ala Gly Glu Arg Gly Gly Phe Asn Lys Pro 

325 330 335 

Gly Gly Pro Met Asp Glu Gly Pro Asp Leu Asp Leu Gly Pro Pro Val 
40 340 345 350 

Asp Pro Asp Glu Asp Ser Asp Asn Ser Ala He Tyr Val Gin Gly Leu 

355 360 365 

Asn Asp Ser Val Thr Leu Asp Asp Leu Ala Asp Phe Phe Lys Gin Cys 
370 375 380 

45 Gly Val Val Lys Met Asn Lys Arg Thr Gly Gin Pro Met He His He 
385 390 395 400 

Tyr Leu Asp Lys Glu Thr Gly Lys Pro Lys Gly Asp Ala Thr Val Ser 



03/27/2003, EAST Version: 1.03.0002 



WO $8/00695 



- 46 - 



PCT/US97/11713 





















din 


415 




Tyr 


Glu 


Asp 


Pro 

*tZ\J 


Pro 


Thr 


Ala 


Lys 




Aia va± vjiu irp rne 


Ren 

/\sp 


wxy 


Lys 


Asp 


Phe 
435 


Gin 


Gly 


Ser 


Lys 


Leu 
440 


Lys 


val ser Leu Aia Arg 
445 


Lys 


Lys 


Pro 


Pro 
450 


Met 


Asn 


Ser 


Met 


* - - - - 
Arg 

455 


Gly 


Gly 


Leu Pro Pro Arg Glu 
460 


oiy 


Arg 


Gly 


Met 


Pro 


Pro 


Pro 


Leu 


Arg 


Gly 


Gly 


Pro Gly Gly Pro Gly 


Gly 


Pro 


465 










470 








475 




480 


Gly 


Gly 


Pro 


Met 


Gly 


Arg 


Met 

< 


Gly 


Gly 


Arg Gly Gly Asp Arg 


Gly 


Gly 










485 








490 






Phe 


Pro 


Pro 


Arg 
500 


Gly 


Pro 


Arg 


Gly 


Ser 
505 


Arg Gly Asn Pro Ser 
510 


Gly 


Gly 


Gly 


Asn 


Val 
515 


Gin 


His 


Arg 


Ala 


Gly 
520 


Asp 


Trp Gin Cys Pro Asn 
525 


Pro 


Gly 


Cys 


Gly 
530 


Asn 


Gin 


Asn 


Phe 


Ala 
535 


Trp 


Arg 


Thr Glu Cys Asn Gin 
540 


cys 


Lys 


Ala 


Pro 


Lys 


Pro 


Glu 


Gly 


Phe 


Leu 


Pro 


Pro Pro Phe Pro Pro 


Pro 


Gly 


545 










550 








555 




560 


Gly 


Asp 


Arg 


Gly 


Arg 
565 


Gly 


Gly 


Pro 


Gly 


Gly Met Arg Gly Gly 

570 


Arg 

C7C 

D /b 


Gly 


Gly 


Leu 


Met 


Asp 
580 


Arg 


Gly 


Gly 


Pro 


Gly 
585 


Gly Met Pne Arg Gly 
590 


taiy 


Arg 


Gly 


Gly 


Asp 
595 


Arg 


Gly 


Gly 


Phe 


Arg 
600 


Gly 


Gly Arg Gly Met Asp 
605 


Arg 


Gly 


Gly 


Phe 
610 


Gly 


Gly 


Gly 


Arg 


Arg 
615 


Gly 


Gly 


Pro Gly Gly Pro Pro 
620 


Gly 


Pro 


Leu 


Met 


Glu 


Gin 


Met 


Gly 


Gly 


Arg 


Arg 


Gly Gly Arg Gly Gly 


Pro 


Gly 


625 










630 








635 




640 


Lys 


Met 


Asp 


Lys 


Gly 
645 


Glu 


His 


Arg 


Gin 


Glu Arg Arg Asp Arg 
650 


Pro 
655 


Tyr 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2672 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ix) FEATURE: 

(A) NAME/KEY: Coding Sequence 

(B) LOCATION: 58... 2319 
(D) OTHER INFORMATION: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AGOGTCATTT CQGCCTCTTA GTTCITCrGA ACCCTGCTCC TGAGCTAGGT AGGAAAC ATG 60 

Met 
1 

AGC GGC ACC AAC TTG GAT GGG AAC GAT GAG TIT GAT GAG CAG TIG OGA 108 
Ser Gly Thr Asn Leu Asp Gly Asn Asp Glu Phe Asp Glu Gin Leu Arg 
5 10 15 

ATG CAA GAA TIG TAG GGA GAC GGC AAG GAT GGT GAC ACC CAG ACC GAT 156 
Met Gin Glu Leu Tyr Gly Asp Gly Lys Asp Gly Asp Thr Gin Thr Asp 
20 25 30 

15 GCC GGC GGA GAA CCC GAT TCT CTC GGG CAG CAG COG ACG GAC ACT CCC 204 
Ala Gly Gly Glu Pro Asp Ser Leu Gly Gin Gin Pro Thr Asp Thr Pro 
35 40 45 

TAC GAG TGG GAC CTG GAC AAA AAG GCT TOG TTC CCC AAG ATT ACT GAA 252 
20 Tyr Glu Trp Asp Leu Asp Lys Lys Ala Trp Phe Pro Lys lie Thr Glu 
50 55 60 65 

GAT TTC ATT GCT ACA TAT CAG GCC AAT TAT GGC TTC TCT AAC GAT GGC 300 
Asp Phe lie Ala Thr Tyr Gin Ala Asn Tyr Gly Phe Ser Asn Asp Gly 
25 7 0 7 5 8 0 

GCA TCT AGT TCT ACC GCA AAT GTT GAA GAT GTC CAT GCT AGG ACT GCA 348 
Ala Ser Ser Ser Thr Ala Asn Val Glu Asp Val His Ala Arg Thr Ala 
85 90 95 

30 

GAG GAA CCT CCA CAA GAA AAA GCC COG GAA CCC ACT GAT GCC AGA AAG 396 
Glu Glu Pro Pro Gin Glu Lys Ala Pro Glu Pro Thr Asp Ala Arg Lys 
100 105 110 

35 AAG GGA GAA AAA AGA AAG GCT GAG TCA GGA TGG TTT CAT GTT GAA GAA 444 
Lys Gly Glu Lys Arg Lys Ala Glu Ser Gly Trp Phe His Val Glu Glu 
115 120 125 

GAC AGA AAT ACA AAT GTA TAC GTG TCT GGT TTG CCT CCA GAT ATT ACA 492 
40 Asp Arg Asn Thr Asn Val Tyr Val Ser Gly Leu Pro Pro Asp lie Thr 
130 135 140 145 

GTG GAT GAA TTT ATA CAA CTT ATG TCC AAG TTT GGC AIT ATT ATG AGA 540 
Val Asp Glu Phe He Gin Leu Met Ser Lys Phe Gly He He Met Arg 
45 150 155 160 

GAT CCT CAG ACA GAA GAA TIT AAG GTC AAA CTT TAC AAA GAT AAT CAA 588 
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Asp Pro Gin Thr Glu Glu Phe Lys Val Lys Leu Tyr Lys Asp Asn Gin 
165 170 175 

GGA AAT CTT AAA GGA GAG GGT CTT TGC TGT TAT TTG AAA AGA GAA TCT 636 
Gly Asn Leu Lys Gly Asp Gly Leu Cys Cys Tyr Leu Lys Arg Glu Ser 
180 185 190 

GTG GAA CTT GCA TTA AAA CTT TTG GAT GAA GAT GAA ATT AGA GGC TAC 684 
Val Glu Leu Ala Leu Lys Leu Leu Asp Glu Asp Glu lie Arg Gly Tyr 
195 200 205 

AAA TTA CAT GIT GAG GTG GCA AAG TTT CAA CTG AAG GGA GAA TAT GAT 732 
Lys Leu His Val Glu Val Ala Lys Phe Gin Leu Lys Gly Glu Tyr Asp 
210 215 220 225 

GCC TCA AAG AAG AAG AAG AAG TGC AAA GAC TAT AAG AAG AAG CTG TCT 780 
Ala Ser Lys Lys Lys Lys Lys Cys Lys Asp Tyr Lys Lys Lys Leu Ser 
230 235 240 



ATG CAA CAA AAG CAG TTG GAT TGG AGA CCT GAG AGG CGA GCC GGA CCA 828 
Met Gin Gin Lys Gin Leu Asp Trp Arg Pro Glu Arg Arg Ala Gly Pro 
245 250 255 

TCC CGG ATG CGC CAT GAG CGA GTT GTC ATC ATC AAG AAT ATG TTT CAT 876 
Ser Arg Met Arg His Glu Arg Val Val lie He Lys Asn Met Phe His 
260 265 270 

CCT ATG GAT TTT GAG GAT GAT COG TTG GTG CTG AAT GAG ATC AGA GAA 924 
Pro Met Asp Phe Glu Asp Asp Pro Leu Val Leu Asn Glu He Arg Glu 
275 280 285 

GAC CTT CGA GTA GAG TGT TOG AAG TTT GGA CAA ATT AGG AAA CTC CTT 972 
Asp Leu Arg Val Glu Cys Ser Lys Phe Gly Gin He Arg Lys Leu Leu 
290 295 300 305 

CTC TTT GAT AGG CAC CCA GAT GGT GTG GCC TCT GTG TCC TTT COG GAT 1020 
Leu Phe Asp Arg His Pro Asp Gly Val Ala Ser Val Ser Phe Arg Asp 
310 315 320 

CCA GAG GAA GCT GAT TAT TGT ATT CAG ACT CTC GAT GGA AGA TGG TTT 1068 
Pro Glu Glu Ala Asp Tyr Cys He Gin Thr Leu Asp Gly Arg Trp Phe 
325 330 335 

GGT GGC CGT CAA ATC ACT GCC CAG GCA TGG GAT GGG ACT ACA GAT TAT 1116 
Gly Gly Arg Gin He Thr Ala Gin Ala Trp Asp Gly Thr Thr Asp Tyr 
340 345 350 
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CAG GIG GAG GAA ACC TCA AGA GAA AGG GAG GAA AGG CTG AGA GGA TGG 1164 
Gin Val Glu Glu Thr Ser Arg Glu Arg Glu Glu Arg Leu Arg Gly Trp 
355 360 365 

5 GAG GCT TTC CTC AAT GCT CCT GAG GCC AAC AGA GGC CTT AGC GTT CAG 1212 
Glu Ala Phe Leu Asn Ala Pro Glu Ala Asn Arg Gly Leu Ser Val Gin 
370 375 380 385 

ATT CTG TCT CTG CTT CGA AAG GCA GQG CCT TCT AGA GCA AGG CAT TTT 1260 
10 He Leu Ser Leu Leu Arg Lys Ala Gly Pro Ser Arg Ala Arg His Phe 

390 395 400 

TCA GAG CAC CCC AGC ACA TCT AAA ATG AAT GCT CAA GAA ACT GCA ACT 1308 
Ser Glu His Pro Ser Thr Ser Lys Met Asn Ala Gin Glu Thr Ala Thr 
15 405 410 415 

GGA ATG GCA TTT GAA GAA CCT ATA GAT GAG AAG AAG TTT GAA AAG ACA 1356 
Gly Met Ala Phe Glu Glu Pro He Asp Glu Lys Lys Phe Glu Lys Thr 
420 425 430 

20 

GAA GAT GGG GGA GAA TTT GAA GAA GGT GCT TCT GAA AAC AAT GCT AAG 1404 
Glu Asp Gly Gly Glu Phe Glu Glu Gly Ala Ser Glu Asn Asn Ala Lys 
435 440 445 

25 GAA AGT AGC CCC GAA AAA GAG GCT GAA GAA GGC TGC CCT GAA AAA GAA 1452 
Glu Ser Ser Pro Glu Lys Glu Ala Glu Glu Gly Cys Pro Glu Lys Glu 
450 455 460 465 

TCT GAA GAG GGC TGC CCC AAA AGA GGG TTT GAA GGC AGC TGC TCC CAA 1500 
30 Ser Glu Glu Gly Cys Pro Lys Arg Gly Phe Glu Gly Ser Cys Ser Gin 

470 475 480 

AAA GAG TCT GAA GAA GGC AAT CCC GTA AGA GGA TCT GAA GAG GAT AGT 1548 
Lys Glu Ser Glu Glu Gly Asn Pro Val Arg Gly Ser Glu Glu Asp Ser 
35 485 490 495 

CCT AAA AAA GAG TCT AAA AAG AAG ACA CTC AAA AAT GAT TGT GAA GAG 1596 
Pro Lys Lys Glu Ser Lys Lys Lys Thr Leu Lys Asn Asp Cys Glu Glu 
500 505 510 

40 

AAT GGC CTT GCA AAG GAA TCT GAA GAT GAC CTC AAC AAG GAG TCT GAA 1644 
Asn Gly Leu Ala Lys Glu Ser Glu Asp Asp Leu Asn Lys Glu Ser Glu 
515 520 525 

45 GAG GAG GTT GGC CCC ACA AAA GAG TCC GAA GAA GAT GAC TCA GAG AAA 1692 
Glu Glu Val Gly Pro Thr Lys Glu Ser Glu Glu Asp Asp Ser Glu Lys 
530 . 535 540 545 
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GAG TCT GAT GAA GAC TGC TCT GAA AAA CAG TCT GAA GAT GGC TCC GAA 1740 
Glu Ser Asp Glu Asp Cys Ser Glu Lys Gin Ser Glu Asp Gly Ser Glu 
550 555 560 

5 AGA GAA TTT GAA GAA AAT GCT CTC GAG AAA GAT TTG GAC GAG GAA GGT 1788 
Arg Glu Phe Glu Glu Asn Gly Leu Glu Lys Asp Leu Asp Glu Glu Gly 
565 570 575 

TCT GAA AAG GAG CTT CAT GAA AAT GIT CTT GAC AAA GAG TTA GAA GAA 1836 
10 Ser Glu Lys Glu Leu His Glu Asn Val Leu Asp Lys Glu Leu Glu Glu 
580 585 590 

AAT GAC TCT GAA AAC TCC GAA TIT GAA GAT GAC GGC TCT GAA AAA GTG 1884 
Asn Asp Ser Glu Asn Ser Glu Phe Glu Asp Asp Gly Ser Glu Lys Val 
15 595 600 605 

TTA GAT GAG GAA GGC TCT GAG AGA GAG TIT GAC GAA GAT TCA GAT GAA 1932 
Leu Asp Glu Glu Gly Ser Glu Arg Glu Phe Asp Glu Asp Ser Asp Glu 
610 615 620 625 

20 

AAG GAA GAA GAG GAG GAT ACA TAT GAA AAA GTA TIT GAT GAT GAG TCT I960 
Lys Glu Glu Glu Glu Asp Thr Tyr Glu Lys Val Phe Asp Asp Glu Ser 
630 635 640 

25 GAT GAG AAA GAG GAT GAA GAA TAT GCA GAT GAA AAG GGG CTT GAA GCT 2028 
Asp Glu Lys Glu Asp Glu Glu Tyr Ala Asp Glu Lys Gly Leu Glu Ala 
645 650 655 

GCT GAT AAA AAG GOG GAA GAA GCT GAT GCA GAT GAA AAG CTG TIT GAA 2076 
30 Ala Asp Lys Lys Ala Glu Glu Gly Asp Ala Asp Glu Lys Leu Phe Glu 
660 665 670 

GAG TCA GAT GAC AAG GAA GAT GAA GAT GCA GAT GGA AAG GAA GTT GAA 2124 
Glu Ser Asp Asp Lys Glu Asp Glu Asp Ala Asp Gly Lys Glu Val Glu 
35 675 680 685 

GAT GCT GAC GAA AAG TTG TTC GAA GAT GAT GAT TCC AAT GAG AAG TTG 2172 
Asp Ala Asp Glu Lys Leu Phe Glu Asp Asp Asp Ser Asn Glu Lys Leu 
690 695 700 705 

40 

TIT GAT GAG GAG GAA GAT TCC AGT GAG AAG TTG TTT GAC GAT TCT GAT 2220 
Phe Asp Glu Glu Glu Asp Ser Ser Glu Lys Leu Phe Asp Asp Ser Asp 
710 715 720 

45 GAG AGG GGG ACT TTG GGT GGT ITT GGG ACT GTT GAA GAA GGG CCC CTA 2268 
Glu Arg Gly Thr Leu Gly Gly Phe Gly Ser Val Glu Glu Gly Pro Leu 
725 730 735 
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TCC ACT GGC AGC AGC TTT ATT CTC AGT AGC GAT GAT GAT GAC GAT GAT 2316 
Ser Thr Gly Ser Ser Phe He Leu Ser Ser Asp Asp Asp Asp Asp Asp 
740 745 750 

ATT TAATCCCITA AACTTGCITT TTAGGGAGAG TCCTCCATCT ACATTTGCCT GTGCTT 2375 
He 

CAGGGTAATT ACTACTAGTG TTACATGAAC ATGTGCATAG TGGTAGGATG CCATCAGATT 2435 

AAAGCATPGA AGTGTTTCAT TGTTACCTCT ACCTAATQGT TTTAAATATA TGTTAATTGA 2495 

TTGTTTAGTr AAAATGTCAT AGTTACAATG CAAGTAAACT GGATACITGT TCTTTTCTCA 2555 

GATITGTTAA ATGCATGCAG AATAATATTT TTAAGAGTAT TGATTGAAGT TTGTCATATT 2615 

CATCAATAAA AATGAGTTGA TAATATGCAG AAACTGAAAA AAAAAAAAAA AAAAAAA 2672 
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CLAIMS 

1 , An isolated nucleic acid molecule encoding a Tat-Stimulatory Factor protein. 

5 2. The isolated nucleic acid molecule of Claim 1 

(a) which hybridizes under stringent conditions to a molecule consisting of the 
coding region of the nucleic acid sequence of SEQ ID NO:l and which codes for the Tat- 
Stimulatory Factor protein 

(b) nucleic acid molecules that differ from the nucleic acid molecules of (a) in 
10 codon sequence due to the degeneracy of the genetic code, and 

(c) complements of (a) and (b). 

3. The isolated nucleic acid molecule of claim 1 , wherein the isolated nucleic acid molecule 
comprises the coding region of SEQ ID NO: 1 . 

15 

4. The isolated nucleic acid molecule of claim 1 , wherein the isolated nucleic acid molecule 
consists essentially of the coding region of SEQ ID NO: 1 . 

5. An isolated nucleic acid molecule selected from the group consisting of (a) a unique 

20 fragment of SEQ ID NO: l between 12 and 2650 nucleotides in length, and (b) complements of 

6. The isolated nucleic acid molecule of claim 4, wherein the isolated nucleic acid molecule 
is a unique fragment of the coding region of SEQ. I.D. NO. 1 and wherein the isolated nucleic 

25 acid molecule is selected from the group consisting of at least 14 contiguous nucleotides of (a) 
SEQ ID NO: 1, and complements of 

7. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
30 is selected from the group consisting of at least 1 5 contiguous nucleotides of (a) SEQ ID NO: 1 , 

and complements of "(a)". 



03/27/2003, EAST Version: 1.03.0002 



WO ft/00695 PCT/US97/117I3 

- 53 - 

8. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
is selected from the group consisting of at least 16 contiguous nucleotides of (a) SEQ ID NO:l f 
and complements of "(a)". 

9. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
is selected from the group consisting of at least 17 contiguous nucleotides of (a) SEQ ID NO: 1 , 
and complements o f *'(&)"• 

10. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
is selected from the group consisting of at least 18 contiguous nucleotides of (a) SEQ ID NO:l , 
and complements of "(a)" 

1 1 . The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
is selected from the group consisting of at least 20 contiguous nucleotides of (a) SEQ ID NO: I, 
and complements of "(a)". 

12. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid molecule 
is selected from the group consisting of at least 22 contiguous nucleotides of (a) SEQ ID NO: I, 
and complements of "(a)". 

13. The isolated nucleic acid molecule of claim 5 or 6, wherein the isolated nucleic acid 
molecule is selected from the group consisting of between 12 and 32 contiguous nucleotides of 
(a) SEQ ID NO: 1, and complements of "(a)". 

14. A host cell transformed or transfected with an expression vector comprising the isolated 
nucleic acid molecule of claim 1, 2, 3 or 4, operably linked to a promoter. 

15. An isolated polypeptide comprising a Tat-Stimulatory Factor protein or a functional 
fragment thereof. 



03/27/2003, EAST Version: 1.03.0002 



WO 98/00695 PCT/US97/117I3 

- 54 - 

1 6. The isolated polypeptide of claim 1 5 wherein the peptide is coded for by the isolated 
nucleic acid molecule of claim 1, 2, 3 or 4. 

1 7. An isolated polypeptide that selectively binds a Tat-Stimulatory Factor protein. 

5 

1 8. The isolated polypeptide of claim 1 7 wherein the isolated polypeptide selectively binds a 
protein coded for by the isolated nucleic acid molecule of claim 1, 2, 3 or 4. 

1 9. The isolated polypeptide of claim 1 8, wherein the isolated polypeptide is an Fab or F(ab) 
1 0 fragment of an antibody. 

20. The isolated polypeptide of claim 18, wherein the isolated polypeptide is a fragment of an 
antibody, the fragment including a CDR3 region selective for the protein. 

15 21. The isolated polypeptide of claim 1 8, wherein the isolated polypeptide is a monoclonal 
antibody. 

22. The isolated polypeptide of claim 1 8, wherein the isolated polypeptide is a kinase. 

20 23. A method for influencing transcriptional activity in a cell comprising 

contacting the cell with an agent that selectively binds to an isolated nucleic acid 
molecule of claim 1 or an expression product thereof, in an amount effective to influence 
transcriptional activity in said cell. 

25 24. A method as claimed in claim 23, wherein the agent is a modified nucleic acid. 

25. A method as claimed in claim 23, wherein the agent is a polypeptide. 

26. A method for treating a subject infected with HIV comprising 
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administering to a subject in need of such treatment an agent that selectively binds 
to an isolated nucleic acid molecule of claim 1 or an expression product thereof, in an 
amount effective to inhibit transcriptional elongation of HIV-1 by Tat in the subject. 

5 27. A method of screening for a compound which binds to Tat-SFl comprising: 
contacting Tat-SF 1 with the compound, and 
determining the binding of the compound to Tat-SFl . 

28. The method of claim 27, wherein the compound is detectably labeled and the step of 
10 determining the binding comprises detecting the detectably labeled compound bound to the 

Tat-SFl. 

29. The method of claim 27, wherein the step of determining the binding comprises detecting 
a change in the biological activity of the Tat-SFl . 



15 



20 



30. The method of claim 29, wherein the detecting comprises comparing Tat-SFl alone and 
with the compound in an assay of Tat-SFl biological activity selected from the group consisting 
of a Tat-SFl mediated transcription assay, a Tat-SFl immunoassay, and a Tat-SFl -TAR binding 
assay. 

31. The method of claim 27, wherein the compound is an oligonucleotide. 



32. A method of screening for a compound which binds to Tat-SF 1 -associated kinase 
comprising: 

25 contacting Tat-SFl associated kinase with the compound, and 

determining the binding of the compound to Tat-SF 1 -associated kinase. 

33. The method of claim 32, wherein the compound is detectably labeled and the step of 
determining the binding comprises detecting the detectably labeled compound bound to the 

30 Tat-SF 1 -associated kinase. 
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34. The method of claim 32, wherein the step of determining the binding comprises detecting 
a change in the biological activity of the Tat-SFl -associated kinase. 

35. The method of claim 34, wherein the detecting comprises comparing Tat-SFl alone and 

5 with the compound in an assay of Tat-SFl -associated kinase biological activity selected from the 
group consisting of a Tat-SFl mediated transcription assay, a Tat-SFl -associated kinase 
immunoassay, and a Tat-SFl -associated kinase substrate phosphorylation assay. 

36. The method of claim 32, wherein the compound is an oligonucleotide. 

10 

37. A method of screening for a compound which binds to a complex of Tat-SFl and 
Tat-SFl -associated kinase comprising; 

contacting the complex of Tat-SFl and Tat-SFl -associated kinase with the compound, 

and 

15 determining the binding of the compound to the complex of Tat-SFl and 

Tat-SFl -associated kinase. 

38. The method of claim 37, wherein the compound is detectably labeled and the step of 
determining the binding comprises detecting the detectably labeled compound bound to the 

20 complex of Tat-SFl and Tat-SFl -associated kinase. 

39. The method of claim 37, wherein the step of determining the binding comprises detecting 
a change in the biological activity of the complex of Tat-SFl and Tat-SFl associated kinase. 

25 40. The method of claim 39, wherein the detecting comprises comparing the complex of 
Tat-SFl and Tat-SFl -associated kinase alone and with the compound in an assay of the 
biological activity of the complex of Tat-SFl and Tat-SFl -associated kinase selected from the 
group consisting of a Tat-SFl mediated transcription assay, an immunoassay of the complex of 
Tat-SFl and Tat-SFl -associated kinase, a Tat-SFl -associated kinase substrate phosphorylation 

30 assay, and a Tat-SFl -TAR binding assay. 
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41. The method of claim 3 7 f wherein the compound is an oligonucleotide. 



42. A method of screening for compounds which modulate Tat-SF 1 -mediated transcriptional 
activation, comprising: 

5 providing a mammalian cell which comprises a gene encoding a Tat-SF 1 polypeptide, 

contacting the cell with a compound, and 

determining Tat-SF 1 mediated transcriptional activation as a measure of the modulation 
of Tat-SF 1 mediated transcriptional activation provided by the compound. 

10 43. The method of claim 42, wherein the mammalian cell further comprises a gene encoding 
a Tat polypeptide. 

44. The method of claim 43, wherein the mammalian cell further comprises an indicator gene 
encoding an indicator gene product, and wherein the indicator gene is operably linked to a TAR 
1 5 element. 



45. The method of claim 44, further comprising a gene encoding a Tat-SF 1 -associated kinase 
polypeptide. 

20 46. The method of claim 45, wherein the Tat-SF 1 polypeptide, the Tat polypeptide, the 

indicator gene product and the Tat-SF 1 -associated kinase polypeptide are encoded by expression 
vectors, which expression vectors are transfected into the mammalian cell. 

47. The method of claim 44, wherein the indicator gene consists essentially of a molecule 

25 selected from the group consisting of a gene encoding p-galactosidase, a gene encoding alkaline 
phosphatase, a gene encoding chloramphenicol acetyl transferase, a gene encoding luciferase, 
and a gene encoding green fluorescent protein. 

48. The method of claim 44, wherein the TAR element is an HIV-1 LTR TAR clement. 

30 
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